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EDITORIAL

Mensaje de bienvenida

Gustavo E. Lugo-Zamudio

Direccion General, Hospital Juarez de México, Mexico City, Mexico

During the 176-year history of the Hospital Judrez de
México, its essence has been and continues to be
medical-surgical assistance. However, as the institution
grew, educational activities were added, allowing for
the training of excellent human resources, and it has
also been recognized as a teaching hospital. Advances
in science have also permeated, and today we have
individuals within the organization conducting basic
and clinical research, achieving results in various lines
of study that can influence translational medicine.

Today, we embark on a project that will bring great
benefits: having a means to present our academic and
scientific ideas with methodological power will allow us
to consolidate our institution, creating a platform that
connects us in the dissemination of knowledge and
links us with the development of science, contributing
to the solution of the health challenges observed in our
society and in the world.

May this first issue of the Clinical Innovations in
Health Research-HJM journal mark the beginning of a
new chapter for the community of Hospital Judrez de
México, and for all those who are encouraged to con-
tribute to its growth.

Juaristas forever!
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Durante los 176 arios de historia del Hospital Judrez de
Meéxico, su esencia ha sido y es la asistencia médico-qui-
rdrgica, pero en el crecimiento de la institucion se agre-
garon actividades docentes que han permitido formar
recursos humanos de excelencia, y ser ademas recono-
cido como hospital escuela. Los avances en ciencia tam-
bién han permeado y hoy contamos con actores dentro
de la organizacion que realizan investigacion bdsica y
clinica, alcanzando con varias lineas de estudio resulta-
dos que pueden influir en la medicina traslacional.

Hoy iniciamos con un proyecto que traera grandes
beneficios: contar con un medio para exponer nuestras
ideas académicas y cientificas con poder metodoldgico
nos permitird consolidar nuestra institucion, creando
una plataforma que nos enlace en la difusion del cono-
cimiento y nos vincule con el desarrollo de la ciencia,
contribuyendo en la solucién de los retos en salud que
hoy se observan en nuestra sociedad y en el mundo.

Que este primer numero de la revista Clinical
Innovations in Health Research-HJM marque el inicio
de un nuevo capitulo para la comunidad del Hospital
Judrez de Meéxico y de todos aquellos que se animen
a contribuir en su crecimiento.

jJuaristas por siempre!

Gustavo E. Lugo Zamudio
Direccion General, Hospital Juarez de México,
Mexico City, Mexico
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ORIGINAL ARTICLE

Factors associated with poor glycemic control in older adults
with sarcopenia

Fabian A. Alfaro-Alvarado’2*, José V. Rosas-Barrientos®, Blanca R. Pardo-Pacheco*,
and Otto P. Gonzalez-Guzman®

Seccidn de Estudios de Posgrado, Escuela Superior de Medicina, Instituto Politécnico Nacional, Mexico City; °Clinica Hospital No. 24, Instituto
de Seguridad y Servicios Sociales de los Trabajadores del Estado (ISSSTE), Jalisco; *Department of Biomedicine, Hospital Regional 1° de Octubre,
ISSSTE, Mexico City; “Servicio de Endocrinologia y Bariatria, Hospital Judrez de México, Mexico City; SDepartment of Biomedicine, Escuela Superior
de Enfermeria y Obstetricia, Instituto Politécnico Nacional, Mexico City. Mexico

Abstract

Background: Older adults have a high prevalence of type 2 diabetes mellitus (T2D) and sarcopenia. Aging-related changes
such as loss of muscle mass and insulin resistance increase the development of T2D. Several factors have been associated
with poor glycemic control in older adults. Objectives: The objectives of the study are to determine the factors associated
with poor glycemic control in older adults with sarcopenia. Methods: This is a cross-sectional study in ambulatory older
adults with T2D. European Working Group on Sarcopenia in Older People 2 criteria were used to define sarcopenia. The
glycosylated hemoglobin (HbA1c) level is classified as poor glycemic control. Logistic regression analysis was performed with
response variable: poor glycemic control, estimating the odds ratio, and 95% confidence intervals as a measure of effect
size. Results: Sarcopenia was higher in subjects with poor glycemic control. The higher the HbATc level, the greater the
association with sarcopenia. In addition, poor glycemic control was associated with malnutrition, insulin resistance, the use
of dipeptidyl-peptidase 4 inhibitors, sodium-glucose cotransporter type 2 inhibitors, and insulin. Conclusion: Poor glycemic
control in older adults is associated with the presence of sarcopenia, low muscle mass, malnutrition, insulin resistance, and
the use of some antidiabetics.

Keywords: Sarcopenia. Poor glycemic control. Muscle mass. Malnutrition. Type 2 diabetes.

Introduction the burden of morbidity, and geriatric conditions that

, o ] increase the complexity of treatment?.
The world’s population is aging rapidly and at the same The most relevant phenotypic change with aging is

time, the prevalence of type 2 diabetes (T2D) is increa- g ingrease in abdominal adiposity and a decrease in
sing, a situation considered a public health problemin our  y5cle mass, factors associated with impaired glucose
country. There is a 3% annual increase in the diagnosis metabolism regulation®. It has been estimated that
of T2D, mainly between the fourth and seventh decade muscle mass decreases by 30-40% at the age of
of life, reporting that more than 122 million older adults 80 years; this muscle loss is also associated with glu-
suffer from T2D, expecting an increase of more than dou-  cose intolerance and an increased risk of T2D*. In turn,
ble in the coming decades'. Older adults with T2D repre- insulin resistance has been associated with a loss of
sent a great challenge, due to the heterogeneity of aging, muscle mass®”. Elevated glycosylated hemoglobin
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(HbA1c) levels are inversely related to a low percentage
of muscle mass®9, both in subjects with hyperglycemia
but without a diagnosis of T2D and in those with T2D
but without antidiabetic treatment®. Both low muscle
mass and low muscle strength were determinants of
poor glycemic control'® and greater hyperglycemic fluc-
tuation in hospitalized subjects'. A reduction of > 1%
in HbA1c level improves muscle mass and gait speed™.

The diagnosis of sarcopenia, which is defined by the
loss of muscle mass and muscle strength related to the
aging process, the overall prevalence of 10%'3, increa-
ses in subjects with T2D between 21% and 50%, depen-
ding on the years of disease evolution™. Therefore,
people with T2D have an increased risk of sarcopenia
(odds ratios [OR] 2.09; 95% confidence intervals [CI]
1.62-2.70) and sarcopenia is associated with T2D-
related complications (OR 2.09; 95% Cl 1.62-2.70)",
especially when retinopathy, nephropathy, and periphe-
ral neuropathy are present'®'7, maintaining a bidirectio-
nal relationship, between T2D and sarcopenia'®.

Older adults are more susceptible to poor glycemic
control; social, clinical, and pharmacological factors are
associated with higher HbA1c levels™. In older adults,
comorbidity'®?*, diabetic complications'®2%2*, prolonged
duration of T2D'92122.24.25 |ow physical activity?!, complex
treatments’®-21.2324 poor adherence to treatment?23.26.27
and difficulty in making lifestyle changes'®25282° are pre-
dictive factors for increased therapeutic complexity and
poor glycemic control. The following study was conducted
to determine factors associated with poor glycemic control
in older adults with sarcopenia.

Materials and methods

Study participants

A cross-sectional study was conducted in older
adults with T2D, recruited on an outpatient basis, and
evaluated in the period from July 2022 to July 2023.
Inclusion criteria were as follows: (1) older adults’
> 60 years, (2) diagnosis of T2D as defined by the
American Diabetes Association 2022%°, Exclusion cri-
teria were (1) the presence of any cognitive or physical
limitation, (2) diagnosis warranting immediate emer-
gency care or hospital admission, (3) terminal illness
or advanced organ failure, (4) inconclusive diagnosis of
T2D, (5) absence of antidiabetic treatment. Our study
was approved by the Ethics and Research Committees
of our institution with registration number DJSMEI-13149.
All' participants authorized and signed their written
informed consent.

Clinical features

Demographic information was obtained by direct
questioning of older adults. Social assistance was cate-
gorized according to where they lived in the past
90 days (living alone, with a spouse, with another family
member, or in a retirement home). The number of teeth
was quantified directly at the examination, categorized
as edentulous (absence of teeth), < 20 teeth, > 20 teeth,
or use of prosthesis (bilateral prosthesis). The Charlson
index®', with > 3 diseases, was used to define comor-
bidity. The number of meals usually eaten was recor-
ded, regardless of the quality and quantity of calories
consumed, and categorized as: one meal/day, two
meals/day, three meals/day, and four or more meals/
day. The mini nutrition assessment questionnaire was
used to define nutritional status, if < 17 it was defined
as malnutrition and > 18 as adequate nutritional
status®.

The Fatigue, Resistance, Ambulation, lliness, and
Loss of Weight (FRAIL) Scale was used, with a score
> 3 points diagnosed as frailty33. Polypharmacy was
defined by the simultaneous use of > 5 medications in
the past month. Duration of T2D was assigned dicho-
tomously: < 20 years and > 20 years. T2D-related com-
plications were recorded: retinopathy, neuropathy,
heart disease (including heart failure, myocardial infarc-
tion, angina pectoris, and atrial fibrillation); cerebrovas-
cular disease (including transient cerebral ischemia
and cerebrovascular event); peripheral angiopathy
(including peripheral arterial disease and carotid steno-
sis); nephropathy (if glomerular filtration rate estimated
by CKD-EPI was < 60 mL/min/1.73 m? without inclusion
of dialysis). Physical activity was assessed through the
Duke Activity Status Index (DASI) questionnaire, calcu-
lating metabolic equivalents (METs) as follows: METs
= total DASI score x 0.43 + 9.6/3.5; defining low phy-
sical activity when obtaining < 5 MET34,

Weight, height, waist, hip, and calf circumferences of
the right leg were measured; body mass index was
calculated using the formula: weight (kg)/height? (m).
Biochemical variables were obtained from the clinical
history of no more than 3 months. The triglyceride/glu-
cose (TyG) index was calculated according to the
following formula: Ln (triglyceride [mg/dL] x glucose
[mg/dL]/2), a value > 8.80 defined the presence of insu-
lin resistance®. HbA1c levels were considered to esta-
blish glycemic control if HbAlc < 7.5% and poor
glycemic control if HbA1c > 7.5%%.
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Definition of sarcopenia

The diagnosis of sarcopenia was made according to
the European Working Group on Sarcopenia in Older
People 2 criteria’®. Muscle strength was obtained using
a JAMAR® digital dynamometer, recording the highest
value after three attempts with the dominant hand. Low
muscle strength was considered in women if < 16 kg
and < 27 kg for men. Appendicular skeletal muscle
mass (ASM) was calculated using the formula
ASM (kg) = 0.215 x calf circumference (cm) + 0.093 x
hand grip strength (kg) + 0.061 x weight (kg) + 3.637
x sex + 0.112 x height (cm) - 16.449; where sex:
male = 1; female = 0; considering low muscle mass in
females if < 15 kg and < 20 kg for males®’. Gait speed
was timed over 4 linear meters and was used to assess
physical performance. Each participant was instructed
and evaluated on two occasions; the record of the best
time was used to define low physical performance, with
the cutoff point being < 0.8 m/s.

Statistical analysis

The Kolmogorov—Smirnov test was performed for the
distribution of the variables. Frequencies and percen-
tages or means and standard deviations were repre-
sented. The Student’s t-test and Chi-square test were
used to compare numerical and categorical variables,
respectively. Logistic regression models were used to
analyze the association with the response variable:
poor glycemic control. OR and 95% CI were estimated
as a measure of effect size. OR estimates of poor gly-
cemic control were adjusted for age, sex, and T2D-
related variables. All statistical analyses were performed
using IBM SPSS Statistics 29.0 software. Any p < 0.05
was considered significant.

Results

Characteristics of the participants

A total of 356 older adults who met the inclusion cri-
teria were included. Fig. 1 shows the flow chart of the
study participants. The general characteristics of the
participants according to glycemic control are presen-
ted in Table 1.

Sarcopenia was present in 45.5% of the participants,
women had a higher frequency of sarcopenia (59.9%)
compared to men (40.1%). Poor glycemic control was
present in 54.5% of the participants.

443 participants (age > 60
years) diagnosed with
T2D, 2022-2023

4>| Refused to participate (n = 10)

433 participants
were included

A

Excluded (n =77)

1. Physical disability (n = 5)

2. Acute infection (n = 6)

3. End-stage cancer (n = 4)

¥ 4. Renal, hepatic and cardiac
diseases (n = 18)

5. Missing data (n = 44)

356 participants
(men = 134, women = 222)

!

194 participants with
poor glycemic control

162 participants with
glycemic control

Figure 1. Flow chart in the selection of participants.

Older adults with poor glycemic control presented a
higher frequency of edentulism (p = 0.020), malnutrition
(< 0.001), frailty (p = 0.002), prolonged duration of T2D
(p =0.009), low physical activity (p = 0.009), sarcopenia
(p = 0.007), and T2D-associated complications
(< 0.001), with diabetic neuropathy being the most fre-
quently related to poor glycemic control (38.3% vs.
59.3%, p < 0.001). Anthropometric measures were not
associated with poor glycemic control. Only the means
of muscle components, such as grip strength (18.3 kg
vs. 20.0 kg, p = 0.025) and gait speed (0.70 m/s vs.
0.77 m/s, p = 0.029), were lower in subjects with poor
glycemic control, with no differences in the amount of
ASM. In participants with poor glycemic control, a
higher frequency of use of DPP-4 inhibitors (74.2% vs.
59.3%, p = 0.003), SGLT2 inhibitors (43.8% vs. 20.4%,
p < 0.001), and insulin (70.1% vs. 37.7%, p < 0.001) was
observed.

Presence of sarcopenia according to
glycemic control

In older adults with poor glycemic control, the fre-
quency of sarcopenia was higher (52.1% vs. 37.7%,
p = 0.007). HbA1c levels were shown to be associated
with the presence of sarcopenia, HbA1c 6.5-7.5% (OR
2.29, 95% Cl: 1.19-4.41, p = 0.013), HbAlc 7.5-8.5%
(OR 3.78, 95% ClI: 1.93-7.21, p < 0.001), and HbA1lc
> 8.5% (OR 2.28, 95% CI: 1.23-4.23, p = 0.009). In the
univariate  model, sarcopenia (OR 1.79, 95% CI:
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Table 1. Clinical characteristics of older adults according to glycemic control

Poor glycemic control Glycemic control
(n =194) (n =162)

Age (years) 75.4 (8.2) 74.5 (7.6) 0.311
Women (%) 123 (63.4) 99 (61.1) 0.657
Social assistance
Lives alone (%) 25 (12.9) 18 (11.1) 0.315
Lives with spouse (%) 100 (51.5) 80 (49.4)
Lives with another family member (%) 66 (34.0) 64 (39.5)
Lives in retirement home (%) 3(1.5) 0(0)
Number of teeth 0.020
Edentulism (%) 21 (10.8) 11 (6.8)
< 20 pieces (%) 56 (28.9) 33 (20.4)
> 20 pieces (%) 53 (27.3) 68 (42.0)
Use of prosthesis (%) 64 (33.0) 50 (30.9)
Comorbidity (Charlson > 3) 145 (74.7) 116 (71.6) 0.505
Malnutrition (MNA < 17) 134 (69.1) 76 (46.9) < 0.001
Number of meals 0.077
One/day (%) 9 (4.6) 3(1.9)
Two/day (%) 67 (34.5) 41 (25.3)
Three/day (%) 114 (58.8) 112 (69.1)
Four or more/day (%) 4(2.1) 6 (3.7)
Fragility (Frail > 3) 83 (42.8) 45 (27.8) 0.002
Polypharmacy (> 5 drugs) 146 (75.3) 116 (71.6) 0.436
Duration of T2D (years) 17.2 (9,6) 14.6 (9.4) 0.009
Physical activity (< 5 METs) 119 (61.3) 77 (47.5) 0.009
Sarcopenia (%) 101 (52.1) 61 (37.7) 0.007
T2D-related complications (%) 155 (79.9) 102 (63.0) < 0.001
Retinopathy (%) 29 (14.9) 15 (9.3) 0.104
Neuropathy (%) 115 (59.3) 62 (38.3) < 0.001
Heart disease (%) 42 (21.6) 24 (14.8) 0.098
Cerebrovascular (%) 27 (13.9) 25 (15.4) 0.687
Angiopathy (%) 41 (21.1) 25 (15.4) 0.168
Nephropathy (%) 28 (14.4) 31(19.1) 0.235
Anthropometry
BMI (kg/m?) 27.1 (5.8) 27.4 (4.9) 0.600
Wiaist circumference (cm) 97.9 (13.0) 99.8 (13.7) 0.165
Hip circumference (cm) 104.0 (13.1) 106.6 (10.3) 0.044
Body Fat (%) 405 (9.2) 40.4 (8.0) 0.932
Muscle strength (kg) 18.3 (7.5) 20.0 (7.3) 0.025
Muscle mass (kg) 15.4 (3.7) 15.9 (3.9) 0.192
Gait speed (m/s) 0.70 (0.2) 0.77 (0.2) 0.029
Biochemical markers
HbA1c (%) 9.2 (1.5) 6.5 (0.5) < 0.001
Creatinine (mg/dL) 0.96 (0.5) 0.91 (0.5) 0.414
Albumin (g/dL) 3.7 (0.4) 3.8 (0.4) 0.041
Total cholesterol (mg/dL) 166.9 (45.8) 161.3 (40.1) 0.228
HDL cholesterol (mg/dL) 43.5(11.2) 44.1 (11.4) 0.637
LDL cholesterol (mg/dL) 90.7 (34.1) 85.3 (33.3) 0.132
Triglycerides (mg/dL) 162.9 (68.4) 159.3 (74.4) 0.637
Uric acid (mg/dL) 5.8 (1.8) 5.9 (1.7) 0.382
TyG index 9.3 (0.5) 8.9 (0.5) < 0.001
Antidiabetic medication
Sulfonylureas (%) 7 (3.6) 5(3.1) 0.786
Biguanides (%) 149 (76.8) 123 (75.9) 0.846
Thiazolidinediones (%) 2(1.0) 2(1.2) 0.856
DPP-4 inhibitors (%) 144 (74.2) 96 (59.3) 0.003
SGLT2 inhibitors (%) 85 (43.8) 33 (20.4) < 0.001
GLP-1 analogs (%) 6 (3.1) 1(0.6) 0.094
Insulin (%) 136 (70.1) 61 (37.7) < 0.001

ASM: appendicular skeletal muscle mass; BMI: body mass index; GLP-1: glucagon-like peptide receptor type 1 agonists; HbA1lc: glycosylated hemoglobin;
iDPP4: dipeptidyl-peptidase 4 inhibitors; iSGLT2: sodium-glucose cotransporter type 2 inhibitors; MET's: metabolic equivalent; MNA: Mini-Nutritional Assessment;
T2D: type 2 diabetes mellitus; TyG: glucose/triglyceride index. Results are expressed as frequency (%) or mean (standard deviation). P value (t-student or Chi-square).
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Table 2. Risk factors for the presence of poor glycemic control

OR not adjusted OR adjusted

Comorbidity (Charlson > 3) 1.13 (1.01-1.27)
Muscle mass 1.73 (1.07-2.73)
Sarcopenia 1.79 (1.17-2.75)
Malnutrition (MNA < 17) 2.52 (1.63-3.89)
Fragility 1.58 (1.22-2.05)
T2D-related complications 2.33 (1.45-3.75)
Physical activity (< 5 METSs) 1.75 (1.14-2.67)
TyG index 3.75 (2.44-5.76)
Duration of T2D (> 20 years) 1.61 (1.03-2.51)
iDPP-4 1.98 (1.26-3.10)
iSGLT-2 3.04 (1.89-4.90)
Insulin 3.88 (2.49-6.04)

Diabetic neuropathy 2.34 (1.53-3.59)

0.028 0.949 (0.81-1.10) 0.505
0.016 1.74 (0.85-3.56) 0.128
0.007 0.95 (0.47-1.93) 0.899
< 0.001 2.16 (1.17-4.00) 0.013
< 0.001 1.19 (0.79-1.79) 0.383
< 0.001 1.20 (0.58-2.49) 0.611
0.009 0.91 (0.47-1.76) 0.800
< 0.001 5.16 (3.10-8.57) < 0.001
0.036 1.14 (0.66-1.97) 0.633
0.003 1.88 (1.07-3.28) 0.026
< 0.001 2.53 (1.45-4.43) 0.001
< 0.001 3.51(2.01-6.12) < 0.001
< 0.001 1.11 (0.59-2.06) 0.743

iDPP4: dipeptidyl-peptidase 4 inhibitors; iSGLT2: sodium-glucose cotransporter type 2 inhibitors; MET's: metabolic equivalents; T2D: diabetes mellitus; TyG: glucose and
triglyceride index. Results expressed as OR, odds ratio for prevalence; 95% Cl, 95% confidence interval. OR adjusted through logistic regression.

1.17-2.75, p = 0.007) and low muscle mass (OR 1.73,
95% Cl: 1.10-2.73, p = 0.016) were associated with the
presence of poor glycemic control.

Association of the risk of poor glycemic
control

Table 2 shows the associations by logistic regression
analysis for poor glycemic control. In the univariate
model, factors such as comorbidity, sarcopenia, low
muscle mass, frailty, T2D-related complications, low
physical activity, prolonged duration of T2D, and the
presence of diabetic neuropathy stand out. In the
adjusted model, poor glycemic control was only asso-
ciated with the presence of malnutrition (OR 2.16), insu-
lin resistance (OR 5.16), and the use of antidiabetic
drugs such as dipeptidyl-peptidase 4 inhibitors (OR
1.88), sodium-glucose cotransporter type 2 inhibitors
(OR 2.53), and insulin (OR 3.51).

Discussion

Our study showed that more than half of the partici-
pants presented poor glycemic control, being more
noticeable in older adults in whom sarcopenia was
diagnosed. A high frequency of sarcopenia was

observed in this group of subjects with T2D, especially
in women. In addition to these observations, the group
with poor glycemic control presented a significantly
higher frequency of conditions such as poor oral health,
malnutrition, frailty, longer duration of T2D, low physical
activity, and T2D-related complications, with diabetic
neuropathy being the most frequent associated with
poor glycemic control.

Previous studies have reported worryingly high rates
of poor glycemic control, ranging from 45% to 93%!1°:38:39,
and multiple factors associated with the development
of poor glycemic control have been identified and even
classified into categories that relate to personal, mor-
bidity, treatment, and behavioral situations'®. This study
agrees with previous observations, where the
prolonged duration of T2D'%2'-243°  diabetic com-
plications'®1920.2440 " and low physical activity'®?' are
implicated in poor glycemic control in older adults.

Other factors that were not evaluated in our study,
and that also maintain a relevant mention, are those
related to access to the health sector and private treat-
ment®4! poor access to measuring HbA1c levels®, low
educational level'®%84% and poor family support'®. Even
in cohort studies, the factors that predict the risk of
presenting a hyperglycemic crisis are low income,
depression, higher HbA1ic levels, neuropathy, and
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nephropathy, being treated with SGLT2 inhibitors and
insulin4,

We observed that almost half of the participants had
the diagnosis of sarcopenia, being more evident as
HbA1c levels increased. Only the calculated muscle
mass of the participants maintained an association with
poor glycemic control. In previous work, it was deter-
mined that states of hyperglycemia (pre-diabetes) and
high HbA1c levels are associated with greater loss of
muscle mass, lower muscle strength, and physical per-
formance compared to the non-diabetic population''”.
Once diagnosed with T2D and having diabetic compli-
cations, subjects were at increased risk of sarcopenia'®.
Individually, components of sarcopenia are associated
with poor glycemic control, such as grip strength*43,
muscle mass®'", and gait speed'®2".

The factors identified in our study that was associa-
ted with poor glycemic control in older adults were
malnutrition, the presence of insulin resistance with
higher mean levels of the TyG index, the use of anti-
diabetic drugs of specific groups such as DPP-4 inhi-
bitors, SGLT-2, and the administration of insulin.
Conventionally, dietary adherence and maintaining a
good nutritional status are recommendations initially
implemented for the treatment of T2D with the aim of
improving glucose levels, patients with low dietary
adherence, and poor physical activity are associated
with a state of malnutrition and poor glycemic control'e.
Conversely, it is observed that subjects with sarcopenia
and T2D are at increased risk of being malnourished4.
The development of insulin resistance accelerates the
loss of muscle mass®?, but it is also a predictor of poo-
rer glycemic control and a higher risk of developing
complications from younger age groups*.

Therapeutic objectives in the elderly tend to be more
permissible to decrease the risk of hypoglycemia®®, it
is reasonable to observe that better glycemic control is
positively associated with the combined use of oral
antidiabetics and insulin®°, other studies show that not
taking biguanide*®, exclusive use of insulin'®2123.24
polypharmacy of antidiabetics®*, and complexity of
treatment'®, are the factors related to pharmacological
treatment that is associated with poor glycemic control.
Our study showed that subjects with poor glycemic
control had a higher frequency of use of DPP-4 inhibi-
tors, SGLT2 inhibitors, and insulin, and these types of
drugs were significantly associated with poor glucose
control.

Although these findings can be explorative, even in
our country, the obtaining of this type of information is
poor. We should seek to improve preventive

intervention strategies in primary care in younger age
groups and optimize treatments with the aim of brea-
king therapeutic inertia and reducing the progression
in the development of T2D and its complications, as
well as limiting as much as possible the deterioration
of muscle mass and its functional consequences in the
aging of this type of patients.

Our study has some limitations: the external validity
of the findings of our analysis may not be representative
of the population due to the small number of partici-
pants, from a single public institution and in reference
to a limited group of patients in one specialty. In accor-
dance with the type of study, glycemic control was only
determined in a single measurement; to analyze the
data and verify changes over time in HbA1c levels it will
be necessary to consider a longitudinal study; to consi-
der aspects such as the time to maintain glycemic con-
trol, adherence to treatment, pharmacological
combinations, and their doses. To complement the state
of malnutrition, it may be necessary to describe the type
of diet, caloric quantity, average daily protein intake, and
the use or not of nutritional supplements. The same
applies to the evaluation of physical activity, which was
determined by estimating the METs performed for acti-
vities of daily living; however, the intensity, frequency,
and duration of each activity were not evaluated. These
aspects may come to be considered in future studies to
improve the quality of clinical findings.

Conclusion

Older adults represent a group with a high frequency
of poor glycemic control; this tendency is related to the
presence of sarcopenia, which increases with higher
HbAT1c levels. Conditions such as sarcopenia, low mus-
cle mass, malnutrition, insulin resistance, and the use
of certain antidiabetic drugs were determinants in the
development of poor glycemic control.

These findings indicate the need to implement stra-
tegies focused on improving nutritional status and
muscular aspects, in addition to reconsidering pharma-
cological pre-prescription behavior in the elderly to
achieve better treatment goals.
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Abstract

Background: Escherichia coli is a microorganism that causes community and health care-associated infections. Infection
rates for this microorganism have increased in several countries. Another problem that adds to E. coli infections is the pre-
sence of isolates antibiotic resistance mechanisms. Objectives: Work aims to describe the characteristics of E. coli isolates
involved in infections in patients of the Hospital Juarez de México. Methods: A population of 34 patients (January to Sep-
tember 2021) from Hospital Juarez de Mexico was included in the study. Antimicrobial susceptibility testing and S-lactamase
phenotypic detection of E. coli isolates from confirmed infections were performed. Resistance phenotypes were confirmed
by polymerase chain reaction. The clonal association of the isolates was performed by analysis of the intergenic regions
obtained, and finally, the phylogenetic association was performed by the Clermont algorithm. Results: E. coli isolates were
mainly involved in urinary tract infections, extended-spectrum p-lactamase, carbapenemases, and class 1 integrons were
detected. The strains were grouped particularly into commensal phylogroups, and clonality analysis revealed genetic diversity.
Conclusion: Characterization analyses of E. coli isolates causing extraintestinal infections revealed a great genetic diversity,
these isolates were mainly grouped in commensal strains, were B-lactamase producers, and presented Class 1 integrons.

Keywords: ESKAPE. Escherichia coli. Carbapenemases.

highlight that, in 2017, the World Health Organization®
issued a report where it states that the group of
Enterobacterales where E. coli is part of this, is categori-
zed as a critical priority due to its resistance to antibio-
tics*78. In recent years, an increase in the frequency

Introduction

At present, the group of Enterobacterales has gained
relevance in hospitals, since they are micro-organisms
closely related to health care-associated infections
(HAIs)"2. In particular, Escherichia coli is a micro-organism

10

that causes bloodstream and urinary tract infections (UTI)3.
Infection rates for this microorganism have increased in
several countries®®. Another problem that adds to the
increase of E. coli infections is the presence of isolates
involved in these nosocomial and community infections
with antibiotic resistance mechanisms, it is important to
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of E. coli isolates with the production of p-lactamase
has been reported, these antimicrobial resistance
mechanisms limit therapeutic options and are related to
increased mortality rates®'°. The acronym ESKAPE
encompasses pathogenic micro-organisms such as
Enterococcus faecium, Staphylococcus aureus,
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Klebsiella pneumoniae, Acinetobacter baumannii,
Pseudomonas aeruginosa and species of the genus
Enterobacter spp. This group of bacteria has over time
been reported to be the most frequent HAIs™. However,
bacterial epidemiology is changing from hospital to hospi-
tal, and it has been suggested that the acronym ESKAPE
could be modified based on the most frequent micro-or-
ganisms in each particular hospital’. In various regions
around the world, there are reports of E. coli as a common
cause of HAls and also of community-acquired infections,
so it could be considered within the ESKAPE group®'3-5.
Studies in various hospitals around the world have shown
that micro-organisms such as A. baumannii and P. aeru-
ginosa are the most frequent; however, E. coli has also
been detected as one of the main micro-organisms related
to infections derived from hospital care'®2, in the last
report of the hospital epidemiological surveillance network
of Mexico indicated that E. coli was the most frequent
micro-organism related to infections associated with health
care. This work aims to describe the characteristics of E.
coli isolates involved in infections in patients of the Hospital
Juarez de México.

Materials and methods

Study population of patients with
confirmed E. coli infection

A population consisting of 34 patients at the Hospital
Juarez de México during the period from January to
September 2021 was included in the study. These
patients met the inclusion criteria for confirmed E. coli
infection. The isolates were transferred to the research
laboratory for analysis. In addition, demographic data
were obtained from medical records to describe the
patient population.

Isolation and identification of E. coli
strains from patients of Hospital Juarez
de México

Bacteriological isolates and samples obtained from
UTI (urine), ventilator-associated pneumonia (sputum),
and surgical infection (pus) were handled in a level 2
biosafety cabinet in accordance with laboratory biosa-
fety standards. The operator wore a protective gown
and mouth cover. Sputum and pus samples were
mass-seeded using sterile swabs in MacConkey gelose
and blood gelose (Becton Dickinson and Co., Franklin
Lakes, NJ, USA). Urine samples were cultured using
the culture media described above, a 10 ulL calibrated

C. Cruz-Cruz et al. Commensal strains of E. coli

loop was used, conventional urine culture procedure
was followed, all gelose plates were incubated aerobi-
cally at 37°C for 24-48 h. Subsequently, bacterial
isolates were purified on Luria Bertani gelose and
cryopreserved in trypticase soy broth (TSA) supplemen-
ted with 50% glycerol. Isolates were stored at -70°C for
future experiments. For identification, axenic cultures
were sent to the Faculty of Chemistry of the Universidad
Auténoma de México to be identified by mass spectro-
metry using Matrix-Assisted Laser Desorption/lonization
Time-Of-Flight.

DNA extraction

For molecular biology assays, total DNA was isolated
and purified from the strains using the DNeasy Blood
and Tissue Kit (QIAGEN, Venlo, the Netherlands). Briefly
from an overnight culture 200 uL were taken, bacterial
lysis was performed according to the procedure and
reagents provided by the DNA extraction kit, the lysis
consisted of 200 uL of AL buffer and 20 uL of proteinase
K, the tubes were incubated for 1 h at 56°C, washes
were performed with AW1 and AW2 buffers; finally, the
DNA was eluted in 200 uL of AE buffer. DNA integrity
was visualized on 0.8% horizontal agarose gels.

Genetic confirmation of E. coli isolates
by amplification and analysis of the
ribosomal 16S rRNA gene

Amplification reactions were performed on a T100
thermal cycler (Bio-Rad, Germany) that polymerase
chain reactions (PCR) of the 16S rRNA gene were per-
formed with the universal primers 27F and 1492R using
the conditions recommended by DeSantis et al. (2007)
(Table 1). The amplicons were analyzed on 1.5% hori-
zontal agarose gels using 1 x Tris-Borate-EDTA (TBE)
buffer. PCR products were purified and sequenced by
de Instituto de Biologia de la Universidad Autonéma de
México (UNAM) using a DNA Analyzer 3730 x L (Applied
Biosystems, Forrest City, CA, USA). Nucleotide sequen-
ces were compared with the nucleotide sequence data-
base (GenBank) using the Blast algorithm (http:/blast.
ncbi.nim.nih.gov), using parameters of coverage (> 80%)
and identity (> 90%).

Determination of the antibiotic
susceptibility profile in E. coli isolates

The determination of antibiotic susceptibility was per-
formed based on Clinical and Laboratory Standard

1
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Table 1. Oligonucleotide sequences used in this work

16S rRNA
1492R
MultilMP_for blalIMP
MultilMP_rev
MultiVIM_for blaVIM
MultiVIM_rev
NDM-Fm blaNDM
NDM-Rm
Intl1-F 5 -Segment conserved “Integrase intl1”.
Intl1-R
QacEA1-F 3 '-Segment conserved “quacAE1/sul11”.
sull-B
in-F Region variable
in-B
chua-F Hemin uptake system
chua-R
yjaA-F Unknown
yjaA-R
TSPE4.C2-F Anonymous DNA fragment
TSPE4.C2-R
arpA-F Ankyrin-like regulatory protein
arpA-R
ERICIR Intergenic consensus
ERIC2

Institute (CLSI) guidelines using the plate susceptibility
test (CLSI 2022)%". Briefly, from to 24 h culture from
nutrient gelose, one loop was taken and adjusted in saline
on the 0.5 scale of the McFarland nephelometer, massi-
vely streaked using sterile swabs on Mueller—Hinton
gelose plates. The following uni disk antibiotics (BD, Brea,
CA) were used in the determination, AN (30 ug): amika-
cin, AMC (20/10 ug): amoxicillin with clavulanic acid, FEP
(30 ug): cefepime, CRO (30 ug): ceftriaxone, ETP (10 ug):
ertapenem, GM (10 ug): gentamicin, IPM (10 ug): imipe-
nem, MEM (10 pg): meropenem, FOX (30 ug): cefoxitin,
SAM (10/10 ug): ampicillin-sulbactam, TZP (100/10 ug):
piperacillin-tazobactam, TMP-STX (1.25/23.75 pg): trime-
thoprim-sulfamethoxazole (TMP-SMX), CIP (5 ug):

AGAGTTTGATCMTGGCTCAG 1495
TACGGYTACCTTGTTACGACTT

TTGACACTCCATTTACDG 139 22
GATYGAGAATTAAGCCACYCT

GATGGTGTTTGGTCGCATA 390
CGAATGCGCAGCACCAG
GGTTTGGCGAT CTGGTTTTC 621 23

CGG AATGGCTCATCACGATC

GTTCGGTCAAGGTTCTG 923 24
GCCAACTTTCAGCACATG

ATCGCAATAGTTGGCGAAGT 800
GCAAGGCGGAAACCCGCGCC

GGCATCCAAGCAGCAAGC variable
AAGCAGACTTGACCTGAT

TGCCGCCAGTACCAAAGACA 279
GACGAACCAACGGTTCAGGAT 25
TGAAGTGTCAGGAGACGCTG 211

ATGGAGAATGCGTTCCTCAAC

GAGTAATGTCGGGGCATTCA 152
CGCGCCAACAAAGTATTACG
AACGCTATTCGCCAGCTTGC 400
TCTCCCCATACCGTACGCTA

ATGTAAGCTCCTGGGGATTCA Variable 26

AAGTAAGTGACTGGGGTGAGC

ciprofloxacin. P. aeruginosa ATCC 27853, E. coli ATCC
25922, and S. aureus ATCC 25923 were used as controls.
Results were inferred as susceptible, intermediate or
resistant by measuring the diameter of the inhibition zone.
The frequency of antibiotic resistance was calculated and
represented in percentages (%).

Detection of extended-spectrum
pB-lactamase (ESBL)

Phenotypic detection of ESBL was performed by the
combined disk method using uni disks (BD, Brea, CA)
of cefotaxime (30 ug) and ceftazidime (30 pg) alone or
in combination with clavulanic acid (30/10 pg) based on



CLSI 2022. Briefly, from 24 h of culture from nutrient
gelose, a loop was taken and adjusted in saline solution
on the 0.5 scale of the McFarland nephelometer, mas-
sively spread with sterile swabs on Mueller—Hinton
gelose plates; then, the Sensi-Discs previously des-
cribed for this test were placed on the plates.

Detection of carbapenemases by the
modified carbapenem inhibition method
(mMIC)

E. coli isolates exhibiting resistance or intermediate car-
bapenems were subjected to the mMIC established by
CLSI 2022. Briefly, two 1-uL loopfuls of E. coli colonies from
an overnight blood gelose plate were resuspended in 2 mL
of trypticase soy broth. Subsequently, a 10-ug meropenem
disk (MEM) (BD, Brea, CA, USA) was plated on each sus-
pension and incubated at 37°C for 4 h. In addition, a
Mueller-Hinton (MH) gel plate was mass inoculated with a
0.5 McFarland nephelometer-adjusted suspension of E.
coli ATCC 25922. Finally, MEM disks were removed from
the bacterial suspension and deposited on the MH plate
with the E. coli ATCC 25922 strain. The MH plates were
incubated at 37°C for 18-24 h and the inhibition zones were
measured as in the routine disk diffusion method. K. pneu-
moniae bla,,,, , was used as a positive control®,

Genetic detection of carbapenemases
in isolates of E. coli

To know the genetic background of carbapenem
resistance of E. coli isolates, RT-PCR assays were per-
formed to detect the genes for metallo f-lactamases
and serine f-lactamases, using the CRE ELITe kit
MGB® (Turin, Italy) according to the manufacturer’s
manual. Isolates with positive PCR in first step were
subjected to second PCR assays to detect specific car-

bapenemase genes (bla bla,,, and bla,,;) (Table 1).

NMD’ VIMm?

Detection of class 1 integrons and their
gene cassettes

E. coli strains were screened for the presence of
class 1 integrons. Integrase 5’ (intl1)-variable (qacEA1-
sul1)3’ were amplified with the primer pair, as shown in
Table 1. The identity of the resistance cassettes resis-
tance cassettes was analyzed by sequencing performed
at the Instituto de Biologia, UNAM, using a 3730XI DNA
analyzer (Applied Biosystems, Foster City, California,
USA) with in-F or in-B primers (Table 1). Nucleotide
sequences were compared with the online sequence
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database (GenBank) using the BlastX algorithm (http:/
blast.ncbi.nim.nih.gov). Aeromonas salmonicida 718
with plasmid pRAS1 (IncU, Class 1 integron [intl1-dfrA-
16gacEA1/sull1]) was used as a positive control.

Phylotyping of E. coli isolates

Clermont et al. proposed an analysis based on the
presence and/or absence of the chuA, yjaA, arpA, and
TspE4.C2 genes proposing six phylogenetic groups in
E. coli strains. The multiplex PCR conditions were dena-
turation for 4 min at 94°C, followed by up to 30 cycles
of denaturation for 5 s at 94°C, annealing for 20 s at
59°C, and extension for 1 min at 72°C, with a final
extension of 5 min at 72°C of 5 min at 72°C. PCR pro-
ducts were developed on agarose agarose gels and
documented under ultraviolet light and ethidium bro-
mide. The primers used for this purpose and the length
of the PCR products are shown in Table 1.

Molecular typing of E. coli isolates by
enterobacterial repetitive intergenic
consensus (ERIC)-PCR

Strains were subjected to molecular typing by ERIC-
PCR using primers ERIC1R and ERIC235 (Table 1).
The total reaction volume was 50 uL and consisted of
molecular biological grade water, 1x PCR buffer 1x,
20 nM MgCl2, 25 mM deoxyribonucleotide phosphate,
100 pM of each primer, 3 units of Tag DNA polymerase
(Thermo Scientific, Foster City, CA, USA), and 300 ng
of template genomic DNA. Cycling conditions were as
follows: pre-denaturation at 95°C for 7 s, denaturation
at 90°C for 30 s, annealing at 58°C for 1 min, and
extension at 65°C for 8 min, with a final extension at
68°C for 16 min at the end for 30 cycles. Gene profiles
were run in 1 x TBE buffer, pH 8.3, and separated by
horizontal electrophoresis on 1.5% agarose gels,
visualized, photographed under UV illumination, and
analyzed by intra-gel pattern matching using ImageLab
5.2.1. To confirm the reproducibility of the ERIC-PCR
assays, three replicates were performed.

Results

Isolation of E. coli strains from patients
with confirmed infection from Hospital
Juarez de México

From January to September 2020, 34 E. coli isolates
were recovered, mainly from UTI associated with 67.6%
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(n = 23), followed by 20.5% (n = 7) of ventilator-associated
pneumonia and 17.6 (n = 4) of surgical infections (Fig. 1).

Female sex patients were the most frequently asso-
ciated with E. coli infections, with 67.6% (n = 23), com-
pared to male sex, with 32.3% (n = 11). The services
with the highest rate of infections by this microorganism
were as follows: internal medicine (17.6%), gynecology
(11.7%) and urology (17.6%), other services such as
oncology, rheumatology, and general surgery showed
frequencies of 8.8%, as shown in Fig. 2.

Resistance profile of E. coli strains isolated
from patients with confirmed infection

The lowest antimicrobial activity against the isolates
was observed mainly for sulfonamides, fluoroquinolo-
nes, and cephalosporins. The resistance and sensitivity
profiles of all strains are shown in Fig. 3.

Phenotypic detection of carbapenemases
and ESBL

Phenotypic detection of carbapenemase production
was detected in (11.7%, n = 4) of the isolates, in (64. 7%,
n = 22) the presence of ESBL was detected (Table 2).

Molecular screening for carbapenemases

Genes codifying for carbapenemases belonging to
the blap,, (n = 3) and blay, ,, (N = 1) families were
detected in four E. coli isolates with carbapenem resis-
tance. The results of antimicrobial resistance genotype
are shown in Table 2.

Detection of class 1 integrons and their
gene cassettes

Integrase 1, qacEA1-sull, and variable region genes
were detected in 50% of the isolates (n = 17). The size
of the variable region amplicons ranged from 500 bp to
1000 bp. The criteria for defining the identity of the
amplicons obtained were the percentage match (> 75%),
match length (> 100 bp), and similarity. From the BLAST
alignment, seven class 1 integron arrays were identi-
fied, as shown in Table 3. The aadA5-dfrA17 array was
the one mostly found in 20.5% (n = 7) of the strains.

Cassettes are shown shaded in gray, arrows indicate
transcript orientation. The letters A - G indicate the
arrays found.

[ ] TRACT

(D) VENTILATOR: ED [ SITE

Figure 1. Distribution of Escherichia coli isolates by type
of infection in Hospital Judrez de México patients. Urinary
tract infection was the most frequent infection.

Phylogenetic assignment

The most prevalent phylogenetic groups were D
(15/44%) and A (15/44%). Phylogroup F was observed
with a frequency of 9% (n = 3) and the unknown
group 3% (n = 1). The phylogenetic distribution of com-
mensal groups (A, F, and the unknown group) and
virulent strains (group D) was 66% and 44%, respecti-
vely (Table 3).

Clonal relationship in E. coli isolates

The diversity in the identification of intergenic regions
allowed us to differentiate all isolates as unique strains.
Fig. 4 shows the clonal distribution obtained by ERIC-PCR
(Fig. 4).

Discussion

In this work, the studied isolates of E. coli came par-
ticularly from UTI, followed by surgical site infections
and ventilator-associated pneumonias; in other works,
it has been shown that this pathogen is prevalent in
infections related to the genito-urinary tract associated
with the community and health care; however, it is also
involved in other types of infections, demonstrating that
its virulent capabilities allow it to cause infectious pro-
cesses in different anatomical sites?%2%3°, It has been
observed a direct relationship of UTI in the female sex
by this microorganism; in this study, most of the patients
where this bacterium was isolated were related to UTI
in this sex, it has been reported that due to different
factors, there is a marked predisposition toward the
female sex particularly for genito-UTI caused by E. coli®'.
It has been reported that the vagina is an important
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Number of Isolaates of E. coli

Figure 2. Distribution of E. coli isolates in the different services of Hospital Juadrez de México. Internal medicine was
the service with the highest frequency of E. coli infections. E. coli: Escherichia coli.

anatomical site in the pathogenesis of UTI caused by E.
coli in women, the microbiota at this anatomical site in
the female sex is a dynamic factor and closely related
to this type of infections, changes in the characteristics
of the vaginal microbiota may result in the loss of
Lactobacillus spp., and this has been related to the risk
of UTI®. Surgical site infections and ventilator-associa-
ted pneumonia were HAIs where E. coli was also invol-
ved in this study, other studies have reported this
bacteria also related to this type of nosocomial infec-
tions?%, E. coli is a microorganism that is part of the
human microbiota, particularly in the gastrointestinal
tract®. Different studies have shown that incorrect cli-
nical practices by health personnel are related to the
incidence of HAlsduetoE. coli, due to cross-contamination
caused by mishandling of patients so that the transmis-
sion dynamics of this microorganism within hospitals
should be detected to implement measures that contri-
bute to the reduction of the transmission of microorga-
nisms causing HAIs34+%. Although in this work, there
was no evidence of biofilm formation in the isolates
analyzed, it has been shown that E. coli has the ability
to form this microbial structure, there is even a direct

relationship of biofilm formation with infections associa-
ted with medical devices, such as grafts, prosthetic
joints, shunts, and urethral and intravascular catheters,
so we speculate that the isolates of this work could
have the genetic machinery necessary to produce this
structure®. Future work will be aimed at demonstrating
the formation of this structure in these isolates.
B-lactams, fluoroquinolones, TMP-SMX, and Nitrofurantoin
are the antibiotics recommended for antibiotic therapy in
E. coli infections®; in this work, resistance was observed
particularly to TMP-SMX, ciprofloxacin, and 3'9/4"" gene-
ration cephalosporins (FEP, CRO), in a SENTRY type
epidemiological surveillance study in which isolates
collected from 1997 to 2016 were analyzed, increased
resistance was observed particularly to 3/ and 4-ge-
neration cephalosporins as well as fluoroquinolones?®.
TMP-SMX is one of the first-line empirical therapies for
the treatment of acute uncomplicated cystitis, resis-
tance rates to this antibiotic have been reported to be
> 20% for E. coli, the isolates analyzed in this work
showed resistance mainly to this antibiotic so that
empirical therapy with TMP-STX should be reconside-
red®. Phenotypic tests to evidence ESBL production

15



CuN. INnnov. HEALTH REs.-HJM. 2024;1(1)

100
88 59 g8 147
90 2.9 17.6 : 20.6
29.4 32.4
80 412
70 61.8 29.4 20.6
£ 60 14.7 765 794
§ 5 8.8
g v 91.2 94 1 88.2
g 40 ’ 82.4
e 70.6
30
50 55.9 529 58.8
20 38.2
10 235 206
0
AN GM ETP IPM MEM FEP CRO FOX AMC SAM TZP STX CIP
Antibiotic tested
S 1 R

Figure 3. Resistance profile of Escherichia coli strains. A higher percentage of resistance is observed in STX and CIP,
with greater susceptibility in AN. AN: amikacin, AMC: amoxicillin with clavulanic acid, FEP: cefepime, CRO: ceftriaxone,
ETP: ertapenem, GM: gentamicin, IPM: imipenem, MEM: meropenem, FOX: cefoxitin, SAM: ampicillin-sulbactam,

TZP:tazobactam piperacillin, TMP-STX: trimethoprim-sulfamethoxazole, CIP: ciprofloxacin, S: susceptible, I: intermediate,
R: resistant.
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Figure 4. Electrophoretic patterns generated by the enterobacterial repetitive intergenic consensus-polymerase chain
reactions of Escherichia coli strains isolated from confirmed infections. A high genetic diversity is observed in the
isolates. Lanes: M: molecular size marker (Axygen 1Kb).
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Table 2. Characteristics of Escherichia coliisolates

Genotypic detection Phenotypic determination Phylogenetic Infection type
of carbapenemase?® of ESBL group
1 - + A

i
NT** uTIb

22 + + (bla,;,) + D VAP¢
25 - NT + D uTl
30 - NT + D uTl
68 = NT + D uTl
56 - NT - D uTl
74 + + (blagy, 40 + D uTl
69 = NA - D S|d
75 - NA + D uTl
76 - NA + D uTl
79 + + (bla,;,) + A UTI
55 - NT + A VAP
88 - NT - D VAP
98 - NT - A uTl
91 - NT + A uTl
110 - NT + A VAP
128 = NT + Unknown UTl
125 - NT + D uTl
136 - NT - D uTl
146 - NT - F uTl
201 - NT + A N|
169 - NT - F uTl
166 - NT + A N|
178 - NT + F uTl
182 - NT - A uTl
175 - NT + A uTl
176 + + (blayp,) + A VAP
181 - NT + D VAP
192 - NT + D uTl
185 - NT - A NI
186 - NT - D N|
200 - NT - A uTl
197 - NT + A uTl
147 - NT - A uTl

*Modified carbapenem inactivation method.

**Not tested.

“Real-time PCR.

®Urinary tract infection.

Ventilator-associated pneumonia.

dSurgical infection.

UTI: urinary tract infections; VAP: ventilator-associated pneumonia.
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Table 3. Schematic map of class 1 integrons identified in Escherichia coli strains

Array 5°CS 3Ccs Varlab(igpl?eglon StrlaDins Resistance phenotype
g Trimethoprim and
{ rimethoprim an:
Py < a!]' e / i Lo Sl 910 125,25 sulfamethoxazole
Pe PPy
B “’ I dfrB4 I qacEat Sult 536 201 Trimethoprim and
5 ol —— sulfamethoxazole
I dfrA7 l qaoEM Sult 924 166, 30 Trimethoprim and
Py a- a1 sulfamethoxazole
P
| dfr2D } qacEA1 - suif 592 186 Trimethoprim and
s at sulfamethoxazole
P p P,
E I dfrA17 I gacEal Sult 915 146 Trimethoprim and
sulfamethoxazole
— -I dfrA12 -l qacEM - sult 905 55,91, 56 Aminoglycosides,
P.- 4= att! Trimethoprim and
. sulfamethoxazole
Py
G H - aarr D I 910 197, 181, 176, Aminoglycosides ,
Pyt r! I_ / l 110, 88, 76, 79 Trimethoprim and
sulfamethoxazole

Cassettes are shown shaded in gray, arrows indicate transcript orientation. The letters A-G indicate the arrays found.

showed that 65% of E. coli isolates were producers of
this resistance mechanism, this type of enzyme is
directly related to resistance to cephalosporins, in addi-
tion to being the most frequent resistance mechanism
in this bacteria®®4041 the strains analyzed showed
resistance to the antibiotics recommended in antibio-
therapy, which limits treatment options and forces
health personnel to escalate therapy to antimicrobial
therapy, carbapenems are one of the last treatment
options against serious infections caused by Gram-
negative bacteria*?, although carbapenems in this work
had low percentages of resistance, four isolates were
detected with coding genes for carbapenemases; in
other work, these resistance mechanisms have also
been reported in isolates of E. coli*®. The presence of
carbapenemase-producing E. coli strains is a warning
sign, because these resistance mechanisms have been
shown to be associated with high mortality rates*+. The
most clinically important B-lactamase (carbapenema-
ses and ESBL) have been reported particularly in plas-
mids and integrons*®46, these genetic elements are
related to the acquisition and/or dissemination of anti-
biotic resistance mechanisms*6. In this work, the pre-
sence of class 1 integrons was detected in 50% of the
isolates where the resistance related to these genetic
elements was particularly to TMP-SMX, class 1 inte-
grons are the most frequently identified in bacteria
present in the nosocomial environment*”. The

importance of integrons in bacteria of medical interest
present in the hospital environment lies in the fact that
these genetic elements can carry out resistance gene
replacement based on the needs of each microorga-
nism, providing an advantage in terms of adaptability
and resistance to antibiotics*®. The problem of increa-
sing antimicrobial resistance marks the importance of
conducting epidemiological surveillance, implementing
methodologies for timely detection and the implemen-
tation of containment measures to prevent these isolates
from spreading, causing HAls, and transferring and/or
acquiring antibiotic resistance mechanisms. The phylo-
genetic analysis using Clermont’s algorithm showed that
the E. coli isolates belonged mostly to phylogroups D
and A, pathogenic and commensal phylogroups, res-
pectively; other work has reported results similar to our
study*® (Belmont-Monroy et al., 2022). Phylogroups B2,
D, B1, and A have been related to extraintestinal infec-
tions®, the phylotypification proposed by Clermont
allowed differentiation between pathogenic and com-
mensal isolates; however, over time, it has been demons-
trated that isolates categorized in commensal phylogroups
are also involved in infections. In this work, isolates
belonging to commensal phylogroups were involved in
the three types of infections observed in this work. Other
studies have also demonstrated the role of commensal
phylogroups as causative agents of infections, which
have been characterized and the presence of virulence



factors and antibiotic resistance mechanisms have been
demonstrated?5°, The analysis of intergenic regions by
ERIC-PCR showed that infections caused by E. coli iso-
lates were not related to each other, the high genetic
diversity highlights the importance of continuing to study
this microorganism since it is one of the most clinically
important bacterial pathogens in the world. Its ubiquitous
presence in the human intestinal tract, its ability to cause
diverse infections, the presence of isolates belonging to
commensal phylogroups with resistance mechanisms,
and evolutionary capacity have made the control of
E. coli infections an important public health priority.

Conclusion

Characterization analyses of E. coli isolates causing extra-
intestinal infections revealed a great genetic diversity; these
isolates were mainly grouped in commensal strains, were
B-lactamase producers, and presented Class 1 integrons.
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Abstract

Background: Pressure ulcers (PUs) are common skin lesions in hospitals caused by prolonged pressure on the skin and
underlying tissues. Inpatients, especially in intensive care, are more susceptible. PUs affect patient autonomy and increase the
risk of infection and sepsis, prolong hospital stays, and generate significant additional costs to the health-care system. Me-
thods: We designed a prospective, observational, longitudinal study of a standardized protocol of NINE measures to prevent
PUs in critically ill patients. These NINE measures incorporated four components to prevent PUs: (1) standardized PUs risk
assessment, (2) comprehensive skin assessment, (3) planning and implementation of nursing care to carry out prevention, and
(4) recording in the nursing professional’s care plan of the measures performed on the patient. Results: These four components
enhance best practices focused on PUs prevention on an individualized basis, allow for assessment, and care planning, com-
munication with health-care professionals through records, identification of patients at risk for PUs development, and imple-
mentation and attention to any abnormalities before a skin lesion is formed. Conclusion: This benefits a wide range of at-risk
patients, regardless of disease or specific clinical situation, to reduce the incidence and severity of these injuries.

Keywords: Pressure ulcer prevention. Nursing. Standardization of the protocol. Prone position. Cohort study design.

Pressure injury is associated with reduced patient
autonomy, increased risk of infection and sepsis, the
performance of additional surgical procedures on the

Introduction

In most health-care settings, pressure ulcers (PUs)

are a common concern. They are defined as a localized
injury to the skin and/or underlying tissue over a bony
prominence due to pressure or in combination with
shear. PUs pose a significant problem for hospitalized
patients. The most common predisposing factors for
the development of PUs in the hospital include age,
immobility, sensory loss, and impaired level of cons-
ciousness. In addition, patients admitted to intensive
care units (ICU) are more susceptible to PUs due to
invasive care measures such as central vascular lines
and mechanical ventilation'.
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patient, extended periods of hospital stay, and the
imposition of further costs on the patient, the patient’s
family, and the health-care system. Patients with pres-
sure injuries may experience certain complications
such as depression, pain, topical infection, osteomyeli-
tis, sepsis, and even death?.

In addition to causing harm to patients, PUs imposes
a significant financial burden on medical care. Costs
vary from 1.4% to 4% of health-care costs. The preva-
lence rate in different countries worldwide varies from
6% to 18.5% in acute care settings. A systematic review
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of European studies showed rates of PUs ranging from
4.6% to 27.2% depending on the country, while a sys-
tematic review with meta-analysis of African studies
showed a point frequency ranging from 3.4% to 18.6%.
Large studies from different countries have found the
following prevalences: in the United States and Canada,
9.2%,; in Australia, 8.7%; in Italy, 17%; and in Portugal,
5.76%".

The issue of pressure injury prevention is a major
concern in health-care today. Many physicians believe
that developing pressure injuries is not the sole respon-
sibility of nursing but of the entire health-care system.
Optimizing overall care and increasing attention to pre-
vention can save patients from unnecessary harm,
requiring multidisciplinary collaborations, a good orga-
nizational culture, and operational practices that pro-
mote safety*.

A literature review on PU prevention found that the
International Clinical Practice Guideline (2019) remains
the most comprehensive evidence-based guideline on
preventing and treating injuries and PUs. The guideline
chapters that comprise the section on Interventions for
the Prevention and Treatment of Pressure Injuries focus
on five areas of care (nutrition, early repositioning and
mobilization, heel pressure injuries, support surfaces,
and related pressure injury devices) that are important
in both the prevention and treatment of pressure inju-
ries. The recommendations in this section address
assessment, device selection, strategies for pressure
redistribution, and skin protection®.

Due to the complexity of preventing pressure injuries,
it was necessary to incorporate best practices in nur-
sing care related to PUs. For this reason, a standardi-
zed protocol was designed with NINE measures to
identify the possible development of PUs and prevent
damage to determine the association of the NINE mea-
sures in preventing PUs with dermal injuries, friction
injuries, and PU injuries in critically ill patients.

Methods

Study design

This prospective, observational, longitudinal study
follows two cohorts of patients admitted to the ICU.

Selection criteria

Inclusion criteria: (1) critically ill patients with invasive
mechanical ventilation and (2) patients who did not pre-
sent PUs at admission. Exclusion: (1) patients who

remained < 72 h on mechanical ventilation, (2) patients
who, at admission to the ICU, during the assessment of
UPs, the presence of pressure lesions were detected in
any of its stages |, II, lll, or IV, and. (3) patients who died.

Description of the NINE measures to
prevent PUs

The prevention of PUs can be largely prevented if
standardized protocols are established, so health pro-
fessionals can intervene at any time to prevent damage.

Nursing practice is the most important part of preven-
ting PUs. Nurses are responsible for identifying the risk
of PUs, setting goals, planning and delivering interven-
tions, as well as providing patient and family education,
and keeping records of PU prevention interventions.

Each measure to prevent PUss is described in detail
below (Fig. 1).

Measure 1. RISk ASSESSMENT

The nurse assesses the level of risk for developing
PUs using the Braden scale. Risk assessment is a key
aspect of prevention, and risk assessment scales are
used for this purpose. For this protocol, the Braden
scale is a research-based instrument based on a con-
ceptual scheme that rates six risk factors: sensory/
perception, moisture, activity, mobility, nutrition, and
friction/shearing. The Braden scale is used for patients
aged 8-100. Substantial research supports its validity
and reliability (Braden Scale: Cronbach’s alpha between
0.48 and 0.75)C.

Lower subscale numbers indicate higher risk, which
should be addressed in the patient’s PPl prevention
care plan, regardless of the overall scale score. In the
Braden scale, the scores for each of the six factors are
summed to give an overall score ranging from 6 (highest
risk) to 18 (at risk). An overall score of 19-23 indicates
that the patient is not at risk’.

MEeasure 2. USE OF ALTERNATING PRESSURE DEVICES

The nurse will place an alternating pressure mattress
or pressure pad. A special surface system for pressure
management could be alternating air mattresses with
optical pressure sensors. This system automatically
regulates the airflow of the mattress by adapting the
duration of inflation and deflation according to the pres-
sure observed on the skin. Such a system appears
more efficient and safer than standard alternating air
surfaces because alternating air mattresses follow a
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Measures for
preventlon pressure
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use of pressure
devices, Alternating
pressure mattress

Position changes
every 2 or 3 hour

Use of support
surface.
use pads

Figure 1. A protocol of the NINE measures for pressure ulcer prevention by nursing staff.

repetitive and cyclical inflation-deflating cycle, where it
does not consider whether one body region suffers
more pressure than others. This method is intended to
achieve a pressure below 32 mmHg throughout the
body?.

MEeASURE 3. SKINCARE

The nurse performs skin care by applying pure petro-
latum to the entire body once per shift and at every
diaper change in wet areas. Petrolatum is the most
occlusive and physiological agent that reduces tran-
sepidermal water loss by 99%, allowing sufficient water
vapor to leave the skin to initiate barrier repair. The
purpose of emollients and their mechanism of action
allow rehydration of the skin by two main mechanisms:
occlusion, preventing water leakage, and hydration by
attracting water located in the deeper zones of the epi-
dermis and dermis®.

When patients are admitted to acute care settings
and are considered at high risk for developing PUs, skin
assessments are performed to identify early signs of
damage. This includes a thorough visual examination
of the body parts at risk to identify the presence of
erythema on the skin surface, followed by a manual

test for non-palpating erythema, called a skin tolerance
test'0.

Measure 4. CHANGES OF POSITION

Perform position changes every 2-3 h with a positio-
ner clock placed at the head of the patient’s bed.
Regular position changes with a frequency determined
according to risk assessment, as well as repositioning
of medical devices are efficient in decreasing pressure
areas and avoiding skin and soft-tissue rupture. Body
repositioning should be performed at least every 2 h in
patients who have been subjected to cycles of 12 h or
more in this prone position'.

MEasure 5. USE OF SUPPORT SURFACES

The nurse uses pads to eliminate pressure, align and
distribute weight, and maintain balance (4 pads of 20 x
30 cm and 1 large pad made of cotton cloth and/or flan-
nel cloth, 100% filled with millet or flaxseed, preferably
with a cover for washing, the size will depend on the size
of the patient). There are several devices available on
the market to support prone positioning. They are made
of various materials designed to redistribute pressure
and reduce shear stress and deformation. Devices
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include those designed specifically for the head and
torso and cushions that can be molded to fit the body'2.

MEASURE 6. PLACE SURGICAL DRAPES

The nurse places a third (surgical) sheet to mobilize
the patient. A sliding sheet is the best way to avoid
friction. Someone should be moved or pulled up in the
bed correctly to avoid injuring the patient’s shoulders
and skin. If you do not have one, you can make a pull
sheet from a bed sheet that is folded in half®.

MEASURE 7. PLACEMENT OF PREVENTIVE DRESSINGS
(HYDROCELLULAR)

The nurse places 8-9 hydrocellular dressings on
bony prominences such as face: forehead, malar, chin,
labial commissures, auricular pavilion, thorax, pectoral
upper limbs for men, mammary glands for women,
abdomen and genital region for men and lower limbs
(knees, distal middle thirds of lower limbs, dorsum of
both feet and toes). Hydrocellular dressings protect the
skin from microorganisms without being occlusive, thus
avoiding wound maceration. They swell when collecting
exudates, acquiring a cushion consistency, which
avoids compressing the wound surface. They maintain
the humidity of the medium while preventing macera-
tion, which allows effective skin protection'.

MEASURE 8. HEALTH EDUCATION

The nurse counsels the patient and family on imple-
menting preventive measures. Educating people about
the risks of PUs and how to prevent them is considered
an important part of preventive care, either by providing
people with written information or by having them parti-
cipate in various education programs. Learning for
patients and their families within the patient and family
education practice of nurses is an important part of per-
son and family-centered care. Patients and their families
must master health management or health promotion
strategies to optimize their health outcomes. Nurses
often provide support, but how nurses facilitate individual
patient and family learning using cognitive learning prin-
ciples seems invisible in the nursing literature®.

Measure 9. NURSING PROFESSIONAL RECORDS

The nurse records in the comprehensive plan the result
of the evaluation and the preventive measures for PU
prevention performed on the patient. The nursing clinical

record format is an ethical-legal document that constitu-
tes the written evidence of the care given to the patient,
and at the same time, it is a means of communication
and coordination that facilitates the work between the
members of the health team; therefore, its correct com-
pletion allows guaranteeing the continuity of care and
patient safety'®.

Standardization of the protocol

To facilitate the implementation of the NINE measu-
res protocol, the Wound and Stoma Clinic staff began
with the training program for the nursing staff of the
morning, afternoon, and night shifts of the ICU. The first
part of the program included a presentation of the pro-
tocol highlighting the objectives of the NINE measures
for PU prevention, how to implement it with patients and
the records to be made in the Nursing Care Plan.

The training consists of a 2-h course/workshop that
presents topics on risk assessment for developing PUs
through the Braden scale as a standardized tool.
A detailed evaluation of the skin identifies skin without
lesions or the beginning of the lesion to intervene pre-
ventively and correct the lesion before healing.

In the workshop part, the detailed demonstration is plan-
ned with the help of a mannequin. The placement of pre-
ventive dressings with 8-9 hydrocellular dressings on bony
prominences is shown. Placement on patients in a prone
position is specified. On the face: forehead, malar, chin,
labial commissures, and auricular pavilion. In the thorax
and upper limbs: pectorals for men and mammary glands
in women. Abdomen and genital region for men. Finally,
in lower limbs: knees, distal middle thirds of lower limbs,
dorsum of both feet and toes. Furthermore, the placement
is specified in patients in dorsal decubitus position: occi-
pital area, thorax, and upper limbs (scapulae, elbows, hips:
sacral region, coccyx), and lower limbs (heels and toes).

The support surfaces, the clinical sheet, and the
alternating pressure mattresses were placed. At the
end, each participant was evaluated on the knowledge
acquired with the evaluation of the procedure.

Emphasis is placed on patient and family education
on these measures with the help of the caregiver and
the patient himself. Finally, the interventions of the
NINE measures carried out with the patient in the com-
prehensive nursing plan are recorded.

Data collection

The Wound and Stoma Clinic nursing staff collected
clinical information using an instrument designed for
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this study. The variables included demography (age
and sex), comorbidities (cardiac, respiratory, endocrine,
and renal), admission diagnosis, and the severity status
of the patient.

To evaluate the NINE measures to prevent PUs, the
four components of the protocol were assessed at
patient admission: (1) standardized assessment of PU
risk using the Braden scale, (2) comprehensive skin
assessment, (3) planning and implementation of nur-
sing care with preventive interventions, and (4) recor-
ding in the nursing professional’s care plan of the
measures performed on the patient, including the edu-
cation provided to the patient and family.

Subsequently, PUs were reassessed at 24, 48, and
72 h to detect compliance with all protocol measures
and whether the onset time of dermal, friction, and PUs
lesions was detected.

The two cohort groups (those exposed to the proto-
col's NINE measures and those not exposed to the
protocol’s NINE measures) are followed prospectively
over time to track the development of dermal, friction,
and PUs lesions (outcome variables).

Statistical analysis

Frequencies (percentages) will be used for qualitative
variables, and mean (standard deviation) will be used for
quantitative variables. Demographic, clinical characteris-
tics, and comorbidities will be compared between the
groups presenting and not presenting PUs using the Chi-
square test with or without continuity correction. Each of
the NINE measures of PU presentation will be evaluated
using the relative risk (RR, as a measure of effect size)
and 95% confidence interval. We will also calculate the
effect size of the NINE measures of the protocol.

Ethical aspects

This protocol was registered with the Hospital's
Research and Research Ethics Committees
(Registration Number HJM 011/22-1). The informed
consent had to be signed by the patient’s responsible
family member. Data confidentiality was guaranteed
according to the Law of personal identification data and
sensitive personal data.

Discussion

The prevention of PUs is mainly based on the obser-
vation and risk assessment that the nursing professio-
nal performs on each patient to reduce the risk factors

that favor the appearance of ulcers, representing a
significant challenge in the health-care setting. In most
cases, appropriate preventive interventions are requi-
red, especially in patients facing pressure exerted by
body weight, frictional rubbing of the skin and shear
forces or sliding of the skin between underlying bony
structures and external surfaces, mobility problems,
and advanced age.

In this context, a protocol of the NINE measures for
the prevention of PUs has been developed, designed
to comprehensively address the various factors contri-
buting to the development of these skin lesions.

Similar findings were indicated in a previous study;
the results of the study suggest that, in general, preven-
tion practices according to international guidelines were
carried out quite frequently, and comprehensive skin
assessments are crucial for assessing pressure injuries.
Risk assessments allow for proper prevention and care
planning and should use a structured and repeatable
approach. Interventions to prevent pressure injuries
should be initiated for patients at elevated risk. Pressure
injury prevention focuses on assessing and optimizing
nutritional status, repositioning the patient, and provi-
ding adequate support surfaces. Of these prevention
practices, repositioning was the most used practice'.

A systematic review included 14 studies, including
randomized controlled trials, quasi-experimental, case
series, and cross-sectional studies. The review identi-
fied four broad categories of interventions that are the
most effective in preventing pressure injuries: (a) pres-
sure injury prevention packages, (b) repositioning and
use of surface support, (c) prevention of medical devi-
ce-related pressure injuries, and (d) access to exper-
tise. All included studies reported a reduction in
pressure injuries after interventions; however, the stren-
gth of evidence was rated moderate-to-very low'®,

According to reviews and intervention studies sug-
gesting using a care bundle for PUs, the National PUs
Advisory Panel and others endorsed evidence-based
practices to prevent PUs. The bundle includes ulcer risk
assessment, skin assessment, skin care, nutrition
management, activity management, moisture/inconti-
nence management, and the management of support
surfaces for critically ill patients'®.

Our study of the NINE measures to prevent PUs is
an evidence-based set of measures. Each measure
describes interventions to address the patient compre-
hensively. This unification of criteria and guidelines was
a strategy for the nursing professional to have a guide
to orient his or her interventions. The standardized PUs
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prevention protocol details the steps necessary to com-
ply with the best practice guidelines.

The NINE measures incorporated four components
to prevent PUs: (1) standardized assessment of the risk
of PUs with the Braden scale, (2) skin lubrication to
carry out the comprehensive skin assessment, (3) plan-
ning and implementation of nursing care to carry out
prevention, and (4) recording in the nurse’s care plan
of the measures applied to the patient. In addition, the
patient and family education given to the patient during
their hospital stay.

We can comment that it complies with international
guidelines. As a new proposal, measure number 8,
which refers to patient and family education, and mea-
sure number 9, which refers to the recording in the
comprehensive plan of the interventions performed by
the nursing professional on the patient, are included as
interventions that are contemplated within the care of
patient attention, to improve clinical practice and collect
data that will be of interest to health personnel.

Conclusion

Implementing these NINE measures provides a com-
prehensive and effective framework for preventing PUs.
This protocol can be used in patients in ICU but also
in patients with spinal cord injuries (especially those
with limited mobility or who are bedridden) or with neu-
rological diseases that affect mobility (such as cerebral
palsy, stroke, or multiple sclerosis). Patient-centered
care, personalization of interventions, and continuing
education are key pillars to ensure the success of this
protocol in clinical settings.
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Risk factors, diagnostic criteria, and incidence of refeeding
syndrome in the hospital setting: is there an elephant in
the room?
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Abstract

Background: Refeeding syndrome (RS) can be defined as a set of severe metabolic disorders that may occur in malnourished
patients receiving refeeding through enteral or parenteral nutrition. Objectives: A narrative review of scientific literature on RS
was primarily focused on its identification of risk factors, diagnostic, and incidence. Methods: A search was carried out for arti-
cles through the PubMed database focused on meta-analyses, systematic reviews, case reports, and observational studies on
RS. Results: SR is a clinical challenge when initiating nutritional support in malnourished patients, with risks such as electrolyte
imbalances, edema and neurological complications. This review presented the wide incidence ranging from 0 to 90%, the hete-
rogeneity of the criteria for the diagnosis of RS, and its risk factors at the hospital setting. Conclusion: RS is complex in hospi-
tal settings and is associated with aggressive initiation of feeding, increasing the risk of morbidity and mortality. It is necessary
to conduct further research with the strongest methodological bases to validate the usefulness of the diagnostic criteria.

Keywords: Refeeding syndrome. Hypophosphatemia. Nutritional support. Enteral nutrition. Parenteral nutrition.

Introduction

Refeeding syndrome (RS) is a serious and potentially
fatal condition in patients associated with malnutrition or
severe weight loss after a reintroduction of diet with high
quantities of food consumption. RS is characterized by a
generalized electrolyte imbalance and widespread redis-
tribution of fluids as a compensatory alteration after the
reintroduction of food intake-regardless of the feeding
route: oral, enteral, or, parenteral nutrition in most cases.

This condition was once considered a “rare condi-
tion” that gained attention among physicians during
World War Il due to the clinical manifestations that
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developed after the reintroduction of oral feeding in
prisoners and civilian victims who had undergone pro-
longed periods of starvation'. The study that laid the
foundations of the physiology of RS is the “Minnesota
Study” that subjected healthy volunteers to a caloric
restriction during 6 months and observing after the
refeeding period peripheral edema, sodium retention,
and heart failure®. However, the oldest historical report
dates to the 16™ century, in which RS was used as a
war tactic known as “Hyoro-zeme” or “food attack.”
Those who survived starvation faced death after imme-
diate feeding on surrendering®.
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RS occurs as a result of a prolonged deprivation of
energy and nutrient intake, which still occurs in the
hospital setting’*. Nowadays, with the development of
artificial routes of feeding (enteral, parenteral nutrition),
there were noted similar complications in those seve-
rely malnourished patients who received an aggressive
nutrition support, but fortunately could be prevented.
Despite this not being a new clinical problem, but is a
problem that in some cases, it is still unknown to
health-care providers and is most likely to be delegated
by nutritionists®.

Establishing the incidence is a challenge especially
when past years, there is still not a universal, validated,
and precise definition of RS. Some definitions have pri-
marily focused on the identification of risk factors or
presence of severe hypophosphatemia (HP) - defined
as serum phosphorus (P-) level that fell by > 0.16
mmol/L-< 0.65 mmol/L- because this last is the main
feature of the RS®7. However, the latest consensus of
the American Society for Parenteral and Enteral Nutrition
(ASPEN) considered not only the presence of HP, but
the reduction of at least one or the combination of P-,
potassium (K+), and magnesium (Mg2+) levels. As well
as the clinical manifestation of thiamine (B1) deficiency,
after the initiation of nutrient intake or food (within hours
to days) in individuals who have been exposed to pro-
longed periods of undernourishment or starvationé.

Establishing a comparative incidence of RS in the hos-
pital setting has proven challenging due to the absence
of a universal definition. A lack of prospective studies with
robust methodologies, and ambiguity about how and by
whom it should be identified contribute to the wide range
of incidence values reported in the literature.

The analysis of the incidence according to the current
diagnostic criteria for this condition is imperative in
the clinical setting to identify the severity of the problem
to evidence the elephant in the room. This narrative
review aimed to show the variations in the incidence
according to the diagnostic criteria used and, to des-
cribe the risk factors predisposing patients to RS in the
hospital setting.

Methods

A PubMed search was conducted using the terms
“refeeding syndrome,” “hypophosphatemia,” “hospital,”
“risk factors,” and “incidence” to investigate the risk
factors, diagnostic criteria, and incidence of RS in hos-
pitalized adult patients. A search was conducted for
articles focused on meta-analyses, systematic reviews,
case reports, and observational studies on RS.

RS conceptualization

The concept of RS describes a lethal complication
associated with the shift from catabolism to anabolism in
patients who have developed malnutrition due to various
clinical causes, occurring after the replenishment of
nutrients. This is primarily associated with a prolonged
period of fasting or starvation, which can result in a reduc-
tion of electrolyte levels in the blood, along with fluid
disturbances'. It is primarily linked to a prolonged period
of fasting or starvation, leading to reduced electrolyte
levels in the blood and fluid imbalances. The pathophy-
siology remains unclear, but RS had been described after
an adaptive phase occurring during prolonged fasting.
This phase involves decreased insulin production and
slight stimulation of glucagon/catecholamines. During
refeeding, this adaptive phase shifts, leading to increased
insulin levels, causing intracellular shifts of energy subs-
trates, and potentially resulting in a severe drop in elec-
trolytes. HP is often considered the hallmark of RS due
to P- is necessary to produce cellular energy from glu-
cose, contributing to the uptake of extra cellular P- by the
intracellular need of cells (Fig. 1). But also, a low intrace-
llular concentration of Mg2+, K+, and sodium (Na+) has
also been well-documented due to the activity of the
sodium-potassium-ATPase pump after refeeding®.

Symptoms can vary depending on the imbalance of
electrolyte dysregulation and can occur between 1 and
5 day after being refed or initiated nutrition support.
However, despite this, there are no specific symptoms
that definitively indicate RS exclusively; those are conse-
quences of a depletion of serum levels of electrolytes,
B1 and the Na+ retention. Additionally, edema represents
another dangerous complication. The redistribution of
fluids in the body can lead to an abnormal accumulation
around vital organs such as the heart and lungs, hinde-
ring their functioning and increasing the risk of heart
failure and breathing difficulties®. Nonetheless in severe
cases, death is a possibility but also can be prevented.
Described possible complications associated with the
RS are described in table 1 and extensively addressed
in ASPEN consensus'1°.

The severity of the risks associated to RS depends on
the severity and duration of malnutrition, alongside the
pace at which nutrients are reintroduced. Therefore, in
clinical settings, a meticulous and gradual approach to
reintroducing diet is necessary, closely monitoring elec-
trolyte levels and organ function to prevent potentially
fatal complications in hospitalized patients'?.
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Figure 1. Intracellular uptake of phosphorus (P-) in the first step of glycolysis.

Potential risk factors for RS in the
hospital setting

Clinical conditions predisposing patients to malnutri-
tion, severe weight loss, inadequate energy intake, or
low serum levels of P- or Mg2+ are described as risk
factors for RS. Individuals at high risk described are
prevalent and the vulnerable clinical conditions are ano-
rexia nervosa, surgery, malnutrition, chronic alcoholism,
chronic diarrhea or malabsorption, celiac disease, can-
cer, mental disorders, critically ill conditions, and renal
failure/hemodialysis and old patients®1%'314 While these
types of clinical conditions are associated with the deve-
lopment of the syndrome, it is important to note that
relying on just one characteristic may be imprecise for
patient risk classification.

The criteria established by the NICE society were the
first published criteria related to nutrition support -and
actualized at 2017 and has been widely used in litera-
ture™'6, However, based on the NICE criteria, the ASPEN
consensus defined complementary criteria in 2020 and
included the malnutrition as a characteristic for adult
patients at risk for RS. Table 2 summarizes the criteria for
both considerations. Validation of these criteria is neces-
sary to ensure accuracy in identifying patients at risk of
RS during nutritional assessment'®'®, A retrospective
study involving data from 3480 hospitalized patients in
North America, considering ASPEN criteria, found that
risk factors for RS included renal failure, elevated creati-
nine, and low platelet count, with a lower serum phos-
phorus level strongly associated with RS development'”.

Diagnosis for RS

Over the years, diagnosing RS has posed a challenge in
clinical practice due to the absence of a standardized and

Table 1. Clinical complications associated with refeeding
syndrome''?

Cardiovascular: Cardiovascular abnormalities or arrhythmia,
cardiomyopathy, Cardiac arrest

Respiratory: Respiratory failure, diaphragmatic muscle
weakness, failure to wean from mechanical ventilation

Muscular: Musculoskeletal o rhabdomyolysis, muscle pain and
cramps, weakness

Neurologic: Confusion/delirium, Wernicke's encephalopathy,
ataxia, tetany

Hematologic: Anemia, thrombocytopenia, decreased oxygen
delivery to tissues

Fatal: coma, death.

universal definition and criteria'®. Often, it goes undiagno-
sed until clinical signs and symptoms emerge. Severe low
serum P- levels have been the primary characteristic used
for diagnosis for years due to the lack of clarity in definition.
In 2005, the ASPEN society introduced a classification for
RS based solely on P-levels, grading severity as:

— Mild HP (asymptomatic), 2.3-2.7 mg/dL.

— Moderate HP (asymptomatic), 1.5-2.2 mg/dL

— Severe HP (symptomatic), 1.5 mg/dL.

In 2020, the ASPEN consensus introduced the latest
update on the criteria for RS, considering its occu-
rrence within 5 days of reinitiating or significantly
increasing energy provision and noting a decrease in
serum levels of P-, K+, or Mg2+. ASPEN maintained the
RS grading based on electrolyte levels to align with
published severity stratifications, outlined as follows:
— Mild, when: the reduction is between 10% and 20%

of any P-, K+, Mg2+

29
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Table 2. Risk-factor criteria for refeeding syndrome by NICE and ASPEN society'®'6

High risk if patient has

Criterion

BMI

Weight los

Caloric Intake

Serum

concentrations
of electrolytes
(P-, K+, Mg2+)

> 1 characteristic:

< 16 kg/m?

> 15% within the last
3-6 months

Little or no nutritional
intake for more than
10 days

Low levels of
potassium, phosphate
or magnesium before
feeding

High risk if patient has

> 2 characteristics:
< 18.5 kg/m?

> 10% within the last
3-6 months

Little or no nutritional
intake for more than
5 days

Moderate risk: 2 risk
criteria needed

16-18.5 kg/m?

5% in 1 month

None or negligible oral
intake for 5-6 days

OR < 75% of EER,

> 7 days during an
acute illness or injury
OR < 75% of EER,

> 1 month

Minimally low levels or
normal current levels
and recent low levels
necessitating minimal
or single-dose

Significant RISK: 1 risk criteria
needed

< 16 kg/m?

7.5% in 3 months or > 10%
in 6 months

None or negligible oral intake for
> 7 days

OR < 50% of EER, > 5 days during
an acute illness or injury < 50% of
EER, > 1 month

Moderately/significantly low levels
or minimally low or normal levels
and recent low levels
necessitating significant or
multiple-dose supplementation

Historic abuse - A history of alcohol

of drugs or abuse or drugs

alcohol including insulin,
chemotherapy,
antiacids or diuretics

Loss of - -

subcutaneous

fat

Loss of muscle - -
mass

Comorbidities - -

BMI: body mass index; EER: estimated energy requirement.

— Moderate, a reduction of 20% and 30% of any P-, K+,
Mg2+
— Severe, a reduction > 30% of any P-, K+, Mg2+.
Despite the efforts for the correctly identification of
RS, the evidence of RS reports has low evidence.
Prospective studies that validate the criteria diagnostic
developed in the past years are needed to get a major
comprehension of RS. However, evidence pointing to
aggressive nutritional support, such as enteral or paren-
teral nutrition, is the cause of the syndrome'®. Historically,
the primary nutrition support related with RS is parenteral
nutrition and despite the years of knowledge it still has
lethal consequences®*-23, Regarding enteral feeding, a
retrospective study developed by Adika et al., in 2022,
used a large sample of hospitalized patients (n = 3480)
needed nutritional support with enteral nutrition and used
the ASPEN criteria for the identification of the RS. This

supplementation

Evidence of moderate Evidence of severe loss

loss

Evidence of mild or Evidence of severe loss

moderate loss

Moderate disease Severe disease

study showed that pre-feeding P- levels (< 2.5 mg/dL)
was strongly associated with mortality, 8% in non-RS
cases versus 10% in the population with RS at 30-days,
and not when ASPEN operationalization of RS was used,
suggesting that ASPEN criteria should be refined"”.
Some reports showed that the diagnosis in clinical prac-
tice is based in P- levels not in the pre-feeding period but
after clinical manifestations of RS occurred. Table 3 sum-
marizes some case reports of hospitalized patients who
presented with RF?*28, The HP was the criteria used to
identify the RS, and the clinical manifestations were the
alert to identify the RS through the electrolyte serum levels.
All patients showed risk factors to developing the syndrome,
showing there is still not a risk identification protocol and a
lack of clarity about how to identify it and prevented it.
Furthermore, to the lack of recognition of RS is
important to show that is a current clinical condition that
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Table 4. Observational studies in hospitalized patients with incidence of RS reported”.18:30-42

mm Population Participants | Mortality rate Incidence (%) | Diagnostic criteria used

Dyson and
Thompson,
20174

Rasmussen
et al., 2016%

Kraaijenbrink
et al., 2016%

Kameoka
et al., 2016%

Fernandez
Lopez, 20178

Md Ralib and
Mat Nor,
201838

Olthof et al.,
2017%7

Loncar et al.,
2019%

Jeon et al.,
2019%

Yoshida et al.,

20203

Wong et al.,
20203

Rinninella et al,,

202232

32

Observational

Observational
Prospective
cohort

Observacional

Prospective
cohort

Prospective
cohort

Prospective
cohort

Retrospective
cohort

Retrospective
cohort

Cohort study

Retrospective
cohort

Prospective
cohort

Adult patients
with parenteral
nutrition support

Head and neck
cancer patients

Internal
medicine ward

Patients with
anorexia
nervosa

Non-critical
patients
receiving
enteral feeding.

Adults ingested
in an intensive
care unit to
initiate enteral
feeding

Critically ill,
invasive
mechanically
ventilated
patients

Hospitalized
patients

Patients with
acute
pancreatitis,
malnourished
patients

Adult patients
who were
admitted to the
intensive care
unit

Adult patients
with parenteral
nutrition support

Hospitalized
patients

54

178

99

181

109

337

73

44

542

149

203

8% at 30 days
in patients with
nutrition
support

Not reported

0%

Not reported

Not reported

RS: 25% versus
Not RS 18.5%

RS: 33.9%
versus
Not RS: 31.5%

None

RS: 20.5%
versus
Not RS: 1.4%

7.2% for low
risk, 16.3% for
high risk, and
27.3% for very
high risk

Nor reported

<20

54

21

31.50

42.60

36.80

41
(prevalence)

20.50
(prevalence)

25.7 for low
risk, 46.5 for
high risk, and
2.0 for very
high risk

23-48
(prevalence)

18.70

Nice guidelines
(Risk factors)

Hypophosphatemia
< 0.22 mmol/L

Hypophosphatemia
< 0.60 mmol/L.

Hypophosphatemia
< 2.3 mg/dL

Not reported

Hypophosphatemia:
plasma phosphate less
than 0.65 mmol/L. Severe
hypohosphatemia were
not considered

Refeeding syndrome was
diagnosed by the
occurrence of new-onset
hypophosphatemia (< 0.65
mmol/l) within 72 hours of
the start of nutritional
support

Nice guidelines (Risk
factors)

Nice guidelines (Risk
factors)

Nice guidelines (Risk
factors)

> 0.16 mmol/L from
baseline to phosphate

< 0.65 mmol/L within

72 hours of PN
administration,
phosphate level drops by
> 0.15 mmol/L, to

< 0.80 mmol/L in the first
7 days of PN
administration, and
serum phosphate level
drops by > 30% from
baseline in first 36 hours
of PN administration

ASPEN concsnsus

(Continues)
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Table 4. Observational studies in hospitalized patients with incidence of RS reported' 13342 (continued)

mm Population Participants | Mortality rate Incidence (%) | Diagnostic criteria used

Adika et al., Prospective Hospitalized 3854
2022V cohort patients
Kells et al., Cases and Patients with 307
2023 controls anorexia

nervosa and

avoidant/

restrictive food

intake disorder
Nguyen et al.,  Prospective Hospitalized 1207
20233% cohort patients

diagnosed with

COVID-19

RS: refeeding syndrome.

still happens despite the efforts to develop criteria for
the identification of risk factors and diagnosis.

Incidence for RS in the hospital settings

The real incidence of RS remains unknown, literature
reported a heterogeneous incidence ranging from 0%
to 80%, according to the population studied and the
criteria used®. A systematic review used in a large size
of patients evidences the low quality of studies develo-
ped in the past years and reported the high incidence
in patients with artificial nutrition whether enteral or
parenteral nutrition. In the case of studies that not
reported signs or symptoms related RS, those are
based on the diagnosis of fluid and electrolyte shift, HP,
and electrolyte imbalance, with no clarity about the
method of diagnosis.

In the last decade, prospective and retrospective stu-
dies showed that HP is the key factor to determine the
RS; however, other studies based on the risk factors
criteria. Table 4 summarizes the representative obser-
vational studies that reported the incidence of RS in
hospitalized patients' 183942 These studies showed an
incidence between were published between 2016 and
2023, and the incidence reported ranging from 2% to
90%, the most frequent incidence varied from 20% to
50%; however, it depended on the level of HP conside-
red and the criteria selected. Even based on the new
ASPEN criteria the form to present the incidence of RS
is not specific. Mortality associated with RS from 0 up

Mild RS: 28% Mild RS: 90, ASPEN consensus

versus 24%, Moderate

Moderate RS: RS: 65,

19% versus Severe

19%, Severe RS RS 25

20% versus 18%

Not reported 35 Serum phosphorus
(prevalence) < 2.9 mg/dL

Not reported 28.70 ASPEN consensus

to 33.9% with the worse percentage in the critically il
patients.

The significant disparities reported in clinical practice
reflected the urgently need for to fill the gap in the inci-
dence, and clarity on its definition, identification, and
the responsible parties. In some clinical scenarios, heal-
th-care professionals have never encountered a case of
RS despite initiating nutritional supplementation at
100% of estimated requirements. Conversely, others
perceive RS identification criteria as “excessively cau-
tious,” contributing to an underdiagnosis of RS within
clinical settings*3. Furthermore, there is a lack of com-
prehensive knowledge concerning nutrition care among
clinical staffS. Some studies suggest that dieticians are
solely responsible for nutrition care and individual
follow-up, positioning RS as a simple nutrition problem
rather than a concern involving the entire multidiscipli-
nary team*4,

Conclusion

The incidence of RS is uncertain, wide-ranging from
0% to 90% and depends on the criteria used for the
diagnosis Although the RS can be a fatal complication
in a third of hospitalized patients with nutrition support,
there is still not a universal and comprehensive defini-
tion. The RS is a big elephant in the room that can be
identified and prevented with a routine evaluation of risk
factors at hospital admission. The responsibility for iden-
tification lies with the multidisciplinary team. Further
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prospective studies with a strong methodology are nee-
ded to validate the usefulness of current diagnostic
criteria. This is a call for action to implement an RS risk
screening in the hospital setting as routine care and to
include this topic in the health-care professional
curricula.
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