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Abstract

Introduction: early assessment of the
nutritional status of the patient with colo-
rectal cancer (CRC) has an important role
because of its relationship with treatment
success and prognosis.

Objective: to evaluate the use of a
comprehensive nutritional assessment
with phase angle (PA) for early detection
of undernutrition in patients with CRC.

Methods: 14 patients with a recent
diagnosis of CRC and 14 individuals
without cancer were included in a des-
criptive cross-sectional study. Weight and
height were measured. Bioelectrical impe-
dance was performed, and PA was obtai-
ned. In addition, hand-held dynamometry,
biochemical indicators, and dietary intake
were evaluated. The Shapiro-Wilk test was
applied to evaluate normality. Pearson co-
rrelation was used to determine the con-
founding variables. Analysis of covariance
was performed for quantitative variables,
adjusting anthropometric indicators for
age and sex and biochemical parameters
for socioeconomic level.

Results: more than 70.00 % of patients
had a diagnosis of undernutrition based
on patient-generated subjective global
assessment (PG-SGA) and PA. Also, 91.70
% of patients had low handgrip strength.
The prevalence of sarcopenia was high in

Resumen

Introduccidn: la evaluacion temprana
del estado nutricional del paciente con
cancer colorrectal (CCR) tiene un papel im-
portante debido a su relacion con el éxito
del tratamiento y el prondstico.

Objetivo: evaluar el uso de una eva-
luacién nutricional integral con angulo de
fase (AF) para la deteccién temprana de
desnutricién en pacientes con CCR.

Métodos: se incluyeron 14 pacientes
con diagnostico reciente de CCR y 14
individuos sin cancer en un estudio des-
criptivo transversal. Se midieron peso y
estatura. Se realizdé impedancia bioeléc-
trica y se obtuvo el AF. Ademas, se evalué
la dinamometria manual, los indicadores
bioquimicos y la ingesta dietética. Se apli-
¢6 la prueba de Shapiro-Wilk para evaluar
la normalidad. Se usé la correlacion de
Pearson para determinar las variables con-
fusoras. Se utilizé el andlisis de covarianza
para las variables cuantitativas, ajustando
los indicadores antropométricos por edad
y sexo. Los parametros bioquimicos se
ajustaron por nivel socioeconémico.

Resultados: mas del 70,00 % de los pa-
cientes tenia un diagndstico de desnutri-
cién segun la valoracion global subjetiva
generada por el paciente (VGS-GP) y el AF.
Ademas, el 91,70 % presentd baja fuerza
de prension. La prevalencia de sarcopenia
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Resumo

Introducao: a avaliacéo precoce do es-
tado nutricional do paciente com cancer
colorretal (CCR) desempenha um papel
importante devido a sua relacdo com o
sucesso do tratamento e o progndstico.

Objetivo: avaliar o uso de uma ava-
liagdo nutricional abrangente com angulo
de fase (AF) para a deteccdo precoce de
desnutricao em pacientes com CCR.

Métodos: quatorze pacientes com
diagnostico recente de CCR e catorze indi-
viduos saudaveis foram incluidos em um
estudo comparativo transversal. Peso e
altura foram medidos. Foi realizada impe-
dancia bioelétrica e o AF foi obtido. Além
disso, foram avaliadas a dinamometria
manual, os indicadores bioquimicos e a
ingestao dietética. O teste de Shapiro-Wilk
foi aplicado para avaliar a normalidade. A
correlagdo de Pearson foi utilizada para
determinar as varidveis confundidoras.
Foi utilizado analise de covariancia para
as variaveis quantitativas, ajustando os
indicadores antropométricos por idade e
sexo. Os parametros bioquimicos foram
ajustados por nivel socioecondmico.

Resultados: mais de 70,00 % dos pa-
cientes receberam o diagnoéstico de des-
nutricdo com base em avaliacdo global
subjectiva gerada pelo doente (AGS-GP)
e AF. Além disso, 91,70 % dos pacientes
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the CRC group (58.00 %) as well as in the
non-cancer group (46.00 %). In addition,
cholesterol, total protein, and albumin
were significantly lower in patients with
CRC.The protein-energy intake of patients
with CRC was lower compared to their re-
quirements.

Conclusions: 75.00 % of patients presen-
ted undernutrition at the time of CRC diag-
nosis according to the PA. Comprehensive
nutritional assessment, which includes PA, is
crucial for the timely diagnosis of malnouris-
hed oncology patients.

fue alta en el grupo de CCR (58,00 %) y
en los controles (46,00 %). El colesterol, la
proteina total y la albdmina fueron signi-
ficativamente mas bajos en los pacientes
con CCR. La ingesta de energia y proteinas
de los pacientes con CCR fue inferior a sus
requerimientos.

Conclusiones: 75,00 % de los pacientes
presentd desnutriciéon al momento del
diagnostico de CCR de acuerdo con el AF.
La evaluacién nutricional completa, con la
inclusion del AF, es crucial para un diag-
nostico oportuno de los pacientes oncol6-

apresentaram baixa forca de dinamome-
tria manual. A prevaléncia de sarcopenia
foi alta no grupo de CCR (58,00 %) e nos
controles (46,00 %). Além disso, o coleste-
rol, a proteina total e a albumina foram sig-
nificativamente mais baixos nos pacientes
com CCR. A ingestdo de proteinas e ener-
gia dos pacientes com CCR foi menor em
comparagao com suas necessidades.
Conclusoes: 75,00% dos pacientes
apresentaram desnutricio no momento
do diagnéstico de CCR de acordo com o
AF. A avaliacdo nutricional completa, com

. icos desnutridos.
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nutrition; hand-held dynamometry; sar-
copenia.
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INTRODUCTION

Colorectal cancer (CRC) is a global public health pro-
blem, with both its incidence and mortality rates on
the rise. According to the World Health Organization
(WHO)W, CRC is the third most diagnosed malignant
tumor worldwide, representing the second leading
cause of cancer mortality. In Mexico, it ranks as the
fourth most diagnosed malignant neoplasm, with an
incidence of 10.60 cases per 100,000 inhabitants and a
mortality rate of 5.40 per 100,000 inhabitants®.

The management of patients with CRC should be
multidimensional, including surgical interventions, che-
motherapy, radiotherapy, and nutritional therapy, among
others®. To develop the appropriate nutritional the-
rapy, it is essential to conduct an early assessment of the
patient’s nutritional status. Early assessment of the nutri-
tional status of CRC patients plays an important role
because it is related to treatment success, quality of life,
and overall prognosis. Cancer patients are at high risk of
developing undernutrition due to the tumor itself, medi-
cal and surgical treatment, as well as metabolic changes
associated with the neoplastic process .

The prevalence and incidence of undernutrition in
CRC patients are high, which can increase the risk of

impedancia eléctrica;
desnutricién; dinamometria manual; sar-

a inclusao do AF é crucial para um diag-
noéstico oportuno de pacientes oncologi-
cos desnutridos.

Palavras-chave: impedancia elétrica;
desnutricdo; dinamometria manual; sar-
copenia.
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morbidity, mortality, and treatment-related complica-
tions, whether surgical, chemo-, or radiotherapeutic®.
According to Vitaloni et al.®), around 87.00 % of onco-
logy patients suffer from undernutrition, with 15.00 %
to 40.00 % already experiencing weight loss at diagno-
sis. Undernutrition has been associated with 30.00 % of
deaths in oncology” ®. Additionally, it is important to
identify nutritional deficiencies at early stages to develop
personalized nutritional support strategies that improve
treatment outcomes and the patient’s quality of life®®.

Early nutritional intervention in patients with CRC,
parallel to medical treatment, provides significant bene-
fits. Nutritional therapy can improve the patient’s weight,
activity level, and energy and protein intake, as well as
reduce the impact of symptoms that put at risk their
nutritional status®®. In most CRC patients, surgery is
the first step in treatment®. Treating undernutrition
during the preoperative period (seven days before sur-
gery) improves patient outcomes and reduces surgery-
related complications”. Treatment side effects can be
reduced while patient survival and recovery improve®®.
Additionally, adequate nutritional status is essential for
proper functioning of the immune system, tissue repair
promotion, and maintenance of muscle mass, all of
which are important during cancer treatment”).
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According to the recommendations of the prac-
tical guideline “Clinical Nutrition in Cancer” by
the European Society for Clinical Nutrition and
Metabolism (ESPEN) and the clinical guideline of the
American Society for Parenteral and Enteral Nutrition
(ASPEN), nutritional screening should be perfor-
med at the time of cancer diagnosis* V. The Patient-
Generated Subjective Global Assessment (PG-SGA) is
among the validated screening tools in cancer patients,
allowing for the detection of nutritional risk in this
population at the time of diagnosis'?. In addition to
using the PG-SGA, in recent years, it has been sugges-
ted that the phase angle (PA) could be a reliable indi-
cator of nutritional status, as well as a good prognostic
marker for cancer patients. This can be used from the
first contact with the patient and during treatment to
monitor their progress'?).

Zhang et al."” observed that the PA had higher sen-
sitivity and thus helped to detect more cases of under-
nutrition in cancer patients compared to using body
mass index (BMI) alone. Furthermore, a systematic
review conducted by Almeida et al.'> found that the
PA was correlated with other indicators of nutritional
status in patients with different types of cancer. Despite
clinical practice guidelines’ emphasizing the impor-
tance of nutritional assessment in cancer patients at the
time of diagnosis, this continues to be overlooked in
many hospital centers®. Nutritional treatment is usua-
lly requested when the patient presents a higher degree
of undernutrition, which prolongs the recovery time,
affects the response to oncological treatment, increases
morbidity, and raises the mortality rate().

Therefore, the aim of the present study was to
analyze the use of a comprehensive assessment, inclu-
ding PG-SGA, anthropometry, PA, handgrip strength,
biochemical analysis, and diet, for the early detection
of undernutrition in patients with a recent diagnosis of
CRC compared to a group of individuals without cancer.

KEY POINTS

* The management of patients with CRC should be
multidimensional, including surgical interventions,
chemotherapy, radiotherapy, and nutritional therapy.

= Early assessment of the nutritional status of CRC
patients plays an important role because it is related to
treatment success, quality of life, and overall prognosis.

* In this study, 38.40 % of CRC patients were
overweight or obese based on their BMI. Moreover,
75.00 % of CRC patients had a low PA compared

to 28.60 % of individuals without cancer. Handgrip
strength was also lower in CRC patients (91.70 %)
compared to the non-cancer group (69.20 %).

= CRC patients had significantly lower concentrations
of cholesterol (p = 0.005), total proteins (p <0.001),
and albumin (p <0.001) compared to the indivi-
duals without cancer.

* Compared to the non-cancer group, the proportion
of undernutrition was higher in patients with CRC
at the time of diagnosis.

MATERIAL AND METHODS
Study design

A total of 14 patients with a recent diagnosis of CRC,
aged > 19 years, both sexes, participated in a compa-
rative cross-sectional study (Figure 1), that was con-
ducted from January to August 2023. Patients were
excluded if they were undergoing chemotherapy or
radiotherapy, receiving renal replacement therapy,
had a personal history of oncological disease, or were
using alternative cancer treatments. CRC patients were
recruited on the surgical floor after tumor resection.
For the non-cancer group, 14 individuals from the
general population without a history or diagnosis of
oncological diseases were included. The participants
without cancer were matched to the patients with CRC
based on age and sex variables.

Sample size was calculated estimating a prevalence
of undernutrition of 6.00 % in individuals without
cancer and 50.00 % in patients with CRC, according
to Casagrande’s formula® for comparing propor-
tions, resulting in a total of 13 individuals per group.
Both patients and participants received oral and writ-
ten information about the study and signed an infor-
med consent. The project was previously approved
by the Bioethics Committees (registration numbers:
13174 and 396/05-09-2022). The study followed the
ethical guidelines of the World Medical Association
Declaration of Helsinki and General Health Law of
Mexico (1519),

All participants answered a validated socioecono-
mic level questionnaire. The nutritional assessment
included PG-SGA, anthropometric measurements,
bioelectrical impedance analysis (BIA), and a dietary
intake evaluation. Additionally, a fasting blood sample
was taken from each participant for the determination
of biochemical markers. Finally, handgrip strength
measurements were taken from both CRC patients and
non-cancer individuals.
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34 subjects were invited to participate

]

L

18 patients newly diagnosed
with colorectal cancer

16 subjects without cancer

Exclusion of 4 patients due to:
- Misdiagnosis (2)
- Death prior to evaluation (1)
- Decline to participate (1)

A

\4

Exclusion of 2 subjects due to:
» - Personal history of cancer (1)
- Decline to participate (1)

\

14 patients with colorectal
cancer

14 subjects without cancer

Figure 1. Flowchart of the patient recruitment process. Elaborated by the authors.

PG-SGA

The PG-SGA was used as a tool to estimate the nutri-
tional status, which includes data such as unintentional
weight change, evaluation of dietary intake, presence of
gastrointestinal symptoms, functional capacity, and phy-
sical examination of the oncological patient(!”). Following
the assessment, patients were classified into one of three
categories according to the questionnaire: (A) well-
nourished; (B) suspected undernutrition or moderately
undernourished; or (C) severely undernourished”'®).

Anthropometric assessment

Weight and height were measured by previously stan-
dardized personnel according to the methodology pro-
posed by the International Society for the Advancement
of Kinanthropometry (ISAK). Weight was measured
using a digital scale (SECA model 813, Hamburg,
Germany) with a capacity of 200 kg and a variation
of 0.10 kg. Height was measured in all patients using
a portable stadiometer (SECA model 213, Hamburg,
Germany) with a height of 205 cm and a precision of
0.10 cm. BMI was calculated by dividing weight by
height in square meters. Adults over 60 years old were
classified as underweight if they had a BMI <23 kg/
m?; normal weight if BMI was >23 and <28; overweight
if BMI was >28 and <32; and obese if BMI was >32;
according to Torres Castaiién et al.!”).

BIA

Using a body composition analyzer at a frequency of S0
kHz (SECA MBCA model 525, Hamburg, Germany),

the following parameters were obtained: fat-free mass
index (FFMI), fat mass index (FMI), and skeletal mus-
cle mass (SMM). Reference values for patient diagnosis
of undernutrition are shown in Table 1. Additionally, the
PA was obtained, for which a cutoff point of PA <5.57 °
was used to classify CRC in both sexes with nutritional
deficiency®). For the individuals without cancer, the
reference values considered appropriate were a PA ran-
ging from 5.36 °-7.36 ° in women and from 6.43 °-8.23 °
in men, according to the study on the Mexican popula-
tion conducted by Espinosa-Cuevas et al.").

Handgrip strength

Muscle function was assessed in the dominant hand
using a hand-held dynamometer Takei T.K.K.5401
GRIP-D (Takei Scientific Instruments Co., Ltd., Tokyo,
Japan), with a maximum capacity of 100 kg, which mea-
sures the patient’s handgrip strength. Cut-off points for
low handgrip strength were values <16 kg for women
and <27 kg for men®?. The diagnosis of sarcopenia
considered both handgrip strength and SMM evalua-
ted by BIA following the updated European Working
Group on Sarcopenia in Older People (EWGSOP2)
recommendations®®).

Biochemical evaluation

A complete blood count was performed using a hema-
tology analyzer (Sysmex XP-300, Kobe, Japan), obtai-
ning values for hemoglobin, hematocrit, platelets, and
total lymphocyte count. Additionally, a blood che-
mistry panel was conducted using an automated clini-
cal chemistry analyzer (Spin 120, Spinreact, Girona,
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Spain), which provided values for glucose, urea, blood
urea nitrogen (BUN), creatinine, triglycerides, total
cholesterol, total proteins, and albumin.

Table 1. Cutoff points for body composition assessment

Variable  Gender BMI p5 p50 p95
(kg/m?)

FFMI (kg/m?) Females <25 1411 1563 17.14
>25,<30 1535 16.88 1841
>30 16.39 1848 20.57

Males <25 17.11 1881  20.51
>25,<30 1840 20.08 21.77
=30 20.05 22.09 24.12

FMI (kg/m?)  Females <25 4.27 6.55 8.84
>25,<30 8.09 10.30 1250

=30 1068 15.04 1941

Males <25 2.21 4.23 6.24

>25,<30 497 7.08 9.19
=30 7.52 10.79 14.06

SMM (kg) Females <25 6.29 7.11 8.11
>25,<30 7.02 7.89 8.93
>30 7.70 8.82 10.18
Males <25 8.38 9.20 10.19
>25,<30 9.10 9.97 11.02
>30 9.99 11.06 1235

Abbreviatures: BMI: body mass index; FFMI: fat-free mass
index; FMI: fat mass index; p: percentile; SMM: skeletal muscle
mass. Adapted from: Peine S, et al. Int J Body Composition Res.
2013;11(3):67-76 (22).

Dietary intake assessment

Trained nutritionists conducted three 24 hour recalls
to all participants on non-consecutive and random
days. The recalls were applied with an interval of three
to four days. Two 24 hour recalls were applied on week-
days and one during the weekend®¥.

The recalls collected data related to food preparation
and portion sizes. To calculate energy and protein intake,
the tables from the Mexican Equivalent Food System
were used®”. Energy and protein intake were calculated,
and individualized requirement calculations were con-
ducted following the recommendations of the ESPEN
practical guidelines for clinical nutrition in cancer®.

Socioeconomic questionnaire

index of the Mexican
Association of Market Intelligence and Opinion
Agencies (AMAI) was used. The households of the eva-

The socioeconomic levels

luated individuals were categorized into one of seven
levels according to their capacity to meet the needs
using the “NSE 2022 Rule.” The socioeconomic levels
indicated by AMALI are as follows: A/B and C+: upper
class; C: upper middle class; C-: middle class; D+:
lower middle class; D: lower class; E: very low class®®).

Artificial intelligence

The authors declare the use of ChatGPT in the transla-
tion of the manuscript.

Statistical analysis

Descriptive statistics included percentages, medians,
and confidence intervals. Normality analysis was con-
ducted on quantitative variables using the Shapiro-Wilk
test. The association between study groups was asses-
sed using the chi-square test for qualitative variables.
For quantitative variables, analysis of covariance was
performed, adjusting anthropometric indicators for
age and sex, and biochemical parameters for socioeco-
nomic level. Pearson correlation was used to determine
the confounding variables. The comparison of dietary
intake and requirements between groups was con-
ducted using the independent t-test for independent
variables, and the paired t-test was used to compare
intake and energy and protein requirements within the
same group. A significance level of p <0.05 was used.
Statistical analysis was performed using SPSS version
29 (IBM Corp., Armonk, NY, USA).

RESULTS

As part of the general characteristics, 50.00 % of the
population with CRC were women, with the same cha-
racteristics maintained in the individuals without can-
cer. The average age in the CRC group was 59.50 years,
and in the non-cancer group was 60 years. Significant
differences were observed in occupation between both
groups. Patients with CRC were mainly dedicated to
housework (42.90 %), engaged in agriculture (21.40 %),
or were unemployed (21.40 %); whereas the majority
of individuals without cancer were dedicated to hou-
sework (28.60 %), were retired (21.40 %), were office
employees (14.30 %) or teachers (14.30 %). In the
patients with CRC, the tumor was located in the colon
in most patients (64.30 %), and 64.30 % required a
colostomy after tumor resection. Almost 60.00 % of the
patientswith CRC were diagnosedatlate stages (16.70%
in stage IIT and 41.70 % in stage IV).
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According to the PG-SGA, 78.60 % of the patients
with CRC had some degree of undernutrition (42.90 %
moderate, 35.70 % severe), compared to the non-
cancer group, where only 7.10 % of the population was
detected with altered nutritional status (p <0.001).
As shown in Table 2, 38.40 % of CRC patients were
overweight or obese based on their BMI. Moreover,
75.00 % of CRC patients had a low PA compared to
28.60 % of the individuals without cancer (p = 0.001).
Handgrip strength was also lower (p = 0.031) in CRC
patients (91.70 %) compared to the non-cancer group

(69.20 %). However, body composition indicators did
not show significant differences between groups. The
prevalence of sarcopenia was 58.00 % in CRC patients
and 46.00 % in individuals without cancer, but they
were not significantly different (p = 0.666).

More than half of the patients with CRC had anemia
(Table 3), compared with the non-cancer group where
no cases were found (p <0.001). Also, CRC patients
had significantly lower concentrations of cholesterol
(p = 0.005), total proteins (p <0.001), and albumin (p
<0.001) compared to the individuals without cancer.

Table 2. Comparison of body composition indicators between CRC patients and individuals without cancer

Characteristic CRC patients Individuals without cancer p*
Median (95 %Cl) or % (n) Median (95 %Cl) or % (n)

BMI (kg/m?) 25.00 (23.84-28.25) 26.85 (23.85-28.09) 0.961
Underweight (%) 15.40 (13.00) 14.30 (14.00)
Normal weight (%) 46.20 (13.00) 57.10 (14.00)
Overweight/obese (%) 38.40 (13.00) 28.60 (14.00)

FFMI (kg/m?) 16.94 (16.27-18.42) 16.68 (16.39-18.21) 0.952
Low FFMI (%) 40.00 (10.00) 42.90 (14.00)
Average FFMI (%) 50.00 (10.00) 57.10 (14.00)
High FFMI (%) 10.00 (10.00) -

FMI (kg/m?) 10.15 (6.87-11.58) 8.86 (6.83-10.79) 0.782
Low FMI (%) 30.00 (10.00) 28.60 (14.00)
Average FMI (%) 30.00 (10.00) 42.90 (14.00)
High FMI (%) 40.00 (10.00) 28.60 (14.00)

SMM (m?) 7.27 (6.67-8.03) 7.72 (7.44-8.58) 0.140
Depleted SMM (%) 70.00 (10.00) 71.40 (14.00)
Average SMM (%) 30.00 (10.00) 28.60 (14.00)

PA (°) 4.95 (4.15-5.16) 5.85 (5.59-6.53) <0.001
Low (%) 75.00 (12.00) 28.60 (14.00)
Adequate (%) 25.00 (12.00) 71.40 (14.00)

HGS 21.20 (19,68-26,98) 29.60 (25.46-32.48) 0.031
Low (%) 91.70 (12.00) 69.20 (13.00)
Adequate (%) 8.30(12.00) 30.80 (13.00)

Abbreviatures: BMI: body mass index; Cl: Confidence interval; CRC: colorectal cancer patients; FFMI: fat-free mass index; FMI: fat
mass index; HGS: handgrip strength; PA: phase angle; SMM: skeletal muscle mass. *Analysis of covariance adjusted for age and sex.

Elaborated by the authors.
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Table 3. Comparison of biochemical parameters related to nutritional status

Characteristic CRC patients Individuals without cancer p*
Median (95 %Cl) or % (n) Median (95 %Cl) or % (n)

Hemoglobin (g/dL) 12.10 (11.56-13.04) 14.90 (13.93-15.35) <0.001
Anemia (%) 57.10 (14.00) -
Non-anemia (%) 42.90 (14.00) 100.00 (14.00)

Hematocrit (%) 35.80 (34.05-38.63) 43.90 (40.71-45.11) <0.001
Low (%) 78.60 (14.00) 14.30 (14.00)
Adequate (%) 21.40 (14.00) 85.70 (14.00)

Platelets (10*3/u) 289.50 (247.55-374.45) 228.00 (196.80-323.70) 0.262
Low (%) 7.10 (14.00) -
Adequate (%) 78.60 (14.00) 92.30(13.00)
High (%) 14.30 (14.00) 7.70(13.00)

Total lymphocyte count (mm?3) 1494.07 (1125.47-1772.54) 1772.15(1558.94-2181.47) 0.070
Adequate (%) 14.30 (14.00) 35.70 (14.00)
Mild depletion (%) 50.00 (14.00) 57.10 (14.00)
Moderate/severe depletion (%) 35.70 (14.00) 7.10 (14.00)

Glucose (mg/dL) 99.50 (90.45-110.04) 103.05 (95.24-114.08) 0.518
Hypoglycemia (%) 7.10 (14.00) -
Normoglycemia (%) 42.90 (14.00) 42.90 (14.00)
Hyperglycemia (%) 50.00 (14.00) 57.10 (14.00)

Urea (mg/dL) 24.90 (19.89-33.13) 29.00 (23.00-35.74) 0.536
Low (%) 21.40 (14.00) 7.10 (14.00)
Adequate (%) 71.40 (14.00) 85.70 (14.00)
High (%) 7.10 (14.00) 7.10 (14.00)

BUN (mg/dL) 11.50 (9.22-15.51) 13.50 (10.62-16.68) 0.559
Low (%) 7.10 (14.00) -
Adequate (%) 7.60 (14.00) 92.90 (14.00)
High (%) 14.30 (14.00) 7.10 (14.00)

Creatinine (mg/dL) 0.67 (0.64-0.93) 0.90 (0.81-1.09) 0.100
Adequate (%) 85.70 (14.00) 100.00 (14.00)
High (%) 14.30 (14.00) -

Total cholesterol (mg/dL) 138.5(101.44-152.67) 174.40 (158.01-202.97) 0.005
Low (%) 83.30(12.00) 21.40 (14.00)
Adequate (%) 8.30(12.00) 50.00 (14.00)
High (%) 8.30(12.00) 28.60 (14.00)

Triglycerides (mg/dL) 101.50 (67.26-143.28) 102.15 (82.96-149.68) 0.667
Low (%) 25.00 (12.00) -
Adequate (%) 58.30 (12.00) 71.40 (14.00)
High (%) 16.70 (12.00) 28.60 (14.00)

Total proteins (g/dL) 5.10 (4.41-5.58) 6.80 (6.27-7.14) <0.001
Low (%) 88.90 (9.00) 7.10 (14.00)
Adequate 11.10 (9.00) 92.90 (14.00)

Albumin (g/dL) 2.60 (2.28-2.98) 4.25 (3.93-4.44) <0.001
Normal 11.10 (9.00) 100.00 (14.00)
Mild hypoalbuminemia 11.10 (9.00) -
Moderate/severe hypoalbuminemia 77.80 (9.00) -

Abbreviatures: Cl: confidence interval; CRC: colorectal cancer. Reference values: hemoglobin: 12 g/dL (?) and 13 g/dL (3)?”; hematocrit:
37%-47% (9) and 42%-52% (3)?. Platelets: >150-<450 x 10%/mm? @7; total lymphocyte count: adequate >2000 cells/mm?, mild
depletion 1200-2000 cells/mm? and moderate to severe depletion <1200 cells/mm?3©®; glucose: <100 mg/dL®??; urea: 14,90-40,00 mg/
dL®; blood urea nitrogen (BUN): 6-20 mg/dL®?; creatinine: 0,60-1,10 mg/dL?"; total cholesterol: <200 mg/dL®?, hypocholesterolemia
<160 mg/dL®Y; triglycerides: >50, <150 mg/dL®Y; total proteins: = 6 g/dL®Y; albumin: adequate >3,50 g/dL, mild depletion de 3-3,40 g/
dL and moderate to severe depletion <3 g/dL®?. *Analysis of covariance adjusted for socioeconomic level. Elaborated by the authors.
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For the dietary analysis, a comparison was made bet-
ween the energy and protein intake of each group and
their corresponding requirements, as well as a com-
parison of energy and protein intake between cancer
patients and individuals without cancer. These results
are shown in Table 4. CRC patients exhibit a signifi-
cantly lower intake of energy and protein compared to
their corresponding requirements. Additionally, CRC
patients had a significantly lower energy intake compa-
red to patients without cancer.

DISCUSSION

In this study, patients with CRC had undernutrition
at the time of their diagnosis, according to PG-SGA,
PA, handgrip strength, and biochemical indicators.
Additionally, a low intake of energy and protein was
observed in this group. Patients with malignant tumors
in the digestive tract are often particularly susceptible
to undernutrition due to the symptoms associated
with these neoplasms'®. Therefore, an early compre-
hensive nutritional assessment, together with medical
treatment, is crucial for these patients ).

The high prevalence of undernutrition, found in
approximately 80.00 % of CRC patients according to
the PG-SGA at the time of their diagnosis, contrasts
significantly with the low prevalence observed in the
non-cancer group, which was 7.00 %. These findings
are higher than those reported in previous studies. For
example, Souza et al.®¥ reported that 31.20 % of CRC
patients were identified with nutritional deficiencies
according to the PG-SGA; however, the population

studied by these researchers corresponded to patients
in different stages of oncological treatment.

According to the anthropometric and body com-
position assessment, it was observed that 38.40 % of
CRC patients were overweight or obese based on their
BMI. This finding is consistent with previous studies
reporting prevalence of obesity ranging from 41.00
% to 62.00 %9 among CRC patients®*). According
to Arends et al.’¥), obesity is a prevalent condition in
patients with various types of cancer, including CRC.
In the present study, BMI only detected 15.40 % of
patients with undernutrition. Gillis et al.®© observed
that, based solely on BMI, only 2.00 % of CRC patients
were diagnosed with undernutrition. Therefore, since
BMI does not account for the body composition of
individuals, it is considered to be a tool for diagnosing
undernutrition in cancer patients with low sensitivity.
Hence, other assessment methods such as BIA, PA, or
even handgrip strength have been proposed® 2.

No significant differences between CRC patients and
individuals without cancer were observed in the body
composition assessment by BIA. However, both groups
had low values for FEMI, FMI, and SMM. Additionally,
they showed low handgrip strength, resulting in a high
prevalence of sarcopenia in both groups. Sarcopenia is
a condition characterized by changes in skeletal mus-
cle, primarily affecting strength, and also includes a
decrease in muscle mass®?. In the non-cancer group,
the presence of sarcopenia could be related to the age
of the individuals evaluated. It has been observed that
handgrip strength significantly declines from the fifth
decade of life onwards®. In the case of CRC patients,

Table 4. Comparison between energy and protein intake with the recommended requirements for each group

Group Energy intake (kcal) Energyrequirement p* Protein intake Protein p*
Median (95 %Cl) (kcal) (g/kg) requirement (g/kg)
Median (95 %Cl) Median (95 %Cl) Median (95 %Cl)

CRC patients (n=13) 1277.55 1700.00 0.044 0.95 1.20 0.003
(905.69-1717.17) (1579.84-1881.69) (0.59-1.13) (1.15-1.34)

Individuals without 1641.85 1580.00 0.275 1.10 1.15 0.568

cancer (n=12) (1390.41-2337.39) (1471.99-1936.34) (0.81-1.81) (1.06-1.39)

p** 0.050 0.832 0.086 0.751

Abbreviatures: Cl: confidence interval; CRC: colorectal cancer; kcal: kilocalorie. Reference values: energy: cancer patients 25-30 kcal/
kg, healthy adults <65 years 25 kcal/kg®?, older adults >65 years 30 kcal/kg®¥; protein: cancer patients 1.0-1.5 kcal/kg®; healthy
adults <65 years 0.8-1.0 g/kg®?, older adults >65 years 1.0-1.2 g/kg®*. *Paired t-test. Comparison of variables within the same group.
**Independent t-test. Comparison between groups. Elaborated by the authors.
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sarcopenia is likely secondary to the disease itself and
the undernutrition they experience, in addition to age
and a sedentary lifestyle®®. Sarcopenia, in both groups,
increases the risk of falls and a lower quality of life. In
addition, it also represents a higher risk of treatment
toxicity for the CRC patients®®”.

To our knowledge, there are no established cut-off
points to determine undernutrition in CRC patients
using PA. Souza et al.®® observed that the PA was
useful as a predictor of muscle alterations, with good
diagnostic accuracy for detecting decreased muscular
function and low muscle mass. A low PA indicates poor
cellular membrane status, alterations in muscle compo-
sition and function, and cellular death®®). Additionally,
a decrease in PA in patients with advanced cancer has
been associated with decreased survival after adjusting
for cancer type, weight loss, and inflammatory mar-
kers®. According to Gupta et al.?, a PA < 5.57 ° in
CRC patients is equivalent to a median survival of 8.6
months, while patients with PA >5.57 ° have a median
survival of 40.40 months.

Barao et al.*” observed that a PA >S5 ° in elderly
patients with CRC was associated with a decreased
mortality risk. In the present study, 75.00 % of CRC
patients had a PA below the established ranges for
the disease, indicating cell membrane damage and
cell death. A low PA brings as consequences muscle
damage, lower functional status, decreased quality of
life, and increased postoperative infections, complica-
tions that contribute to an increase in hospitalization
time, morbidity, and low survival rate®* * %), Thus,
PA may be considered an important indicator of nutri-
tional status in patients with cancer that is more sen-
sitive than BMI> 1. In addition, measuring PA is a
practical, minimally invasive, and easily transportable
method that allows for the detection of at-risk patients
and monitoring of their progress throughout nutritio-
nal treatment. More studies are needed to determine
potential cut-off points using PA for undernutrition
diagnosis. Also, considering that these results were
obtained right after the diagnosis of CRC and before
the start of chemotherapy, it is crucial to carry out
nutritional intervention from the time of diagnosis, as
indicated by the corresponding guidelines®.

The prevalence of anemia among the CRC patients
that participated in the present study was high. Similar
to our results, Ristescu et al.*® found anemia in the
82.30 % of patients with CRC post-operation. Anemia
is common in these patients due to gastrointestinal blee-
ding and to the characteristics of the tumor itself*". The

presence of anemia in CRC patients increases the risk of
complications and mortality during the postoperative
period and a higher risk of cancer recurrence, making its
treatment vital from the moment of diagnosis.

The total lymphocyte count in blood has been used
as a biomarker of nutritional status and as a prognostic
factor in various clinical conditions, including cancer.
Therefore, a decrease in the total lymphocyte count
should be considered a risk factor in oncology*. In
this study, 85.70 % of CRC patients had a low total
lymphocyte count. According to a previous study in
hospitalized patients with cardiovascular disease and
several types of cancer, a low total lymphocyte count
may signify a higher risk of complications related to
nutritional status*”. Additionally, this indicator is
related to other biochemical parameters of nutritional
status, such as plasma lipid concentration and hemog-
lobin, as well as inflammatory markers like albumin“®.
For instance, in the case of the patients evaluated in this
study, more than 80.00 % had low levels of cholesterol
and total proteins. Additionally, a meta-analysis by
Zhang et al.®) observed that blood markers such as
hemoglobin, cholesterol, and total proteins are useful
biochemical indicators of undernutrition, even in the
presence of inflammation.

In the case of CRC patients, the prevalence of
hypoalbuminemia was high. Albumin allows the
assessment of underlying inflammation, and since
inflammation is associated with an increase in basal
metabolism, albumin could be considered an indicator
of nutritional risk*®). Therefore, analyzing different bio-
chemical markers related to nutritional status increases
the specificity and sensitivity when providing a nutri-
tional diagnosis®*".

The energy and protein intake of CRC patients was
found to be below their requirements. Furthermore, a
low energy intake was observed in CRC patients when
compared to healthy subjects. These results are similar
to those observed in CRC patients in Portugal, where
an approximate intake of 1335 kcal/day was repor-
ted®). The low energy and protein intake may partially
explain the undernutrition observed in the popula-
tion and the loss of muscle mass, leading to increased
susceptibility to infections, treatment interruptions,
and prolonged hospital stays*”). Therefore, increasing
energy and protein intake should be a priority for the
successful medical treatment of these patients.

The present study has some limitations. First, the
sample size is small, and due to the conditions of some
patients, it was not possible to collect anthropome-
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tric, body composition, and dietary data completely.
However, significant differences were detected in most
study variables, including PA, and it was possible to
demonstrate that patients recently diagnosed with
CRC have undernutrition compared to a non-cancer
group, which will allow for specific recommendations
to be made for their treatment. To the best of our
knowledge, this is the first study in patients with newly
diagnosed CRC that evaluates the use of PA as an indi-
cator of nutritional status, together with anthropome-
tric, biochemical, and dietary parameters.

CONCLUSIONS

Compared to individuals without cancer, the propor-
tion of undernutrition was higher in patients with CRC
at the time of diagnosis. Also, PA detected more cases
of undernutrition compared to BMI. The PG-SGA, PA,
handgrip strength, biochemical, and dietary markers
allowed for the detection of more than 70.00 % of cases
of undernutrition compared to using BMI alone and
compared to individuals without cancer. Therefore,
in oncology, complete nutrition interventions that
include follow-up using PA, together with medical
treatment, are crucial so that patients with nutritional
deficiencies or those at risk can be identified early and
receive medical-nutritional treatment according to
their requirements.

Declaration of authorship

Conception and design of the research, B.MR.,
OPG. and JL.R.; data acquisition, BMR., KM.GN,,
and R.HO.; data analysis and interpretation, B.MR.,
KM.GN.,and MC.C; funding acquisition, OP.G. and
KM.GN; drafted the manuscript, B.MR. and OP.G.

Conflict of interest

The authors declare no conflicts of interest.

Acknowledgments

The authors would like to thank the patients who
consented to participate in this study, the Director of
HGQ, Dr. Leopoldo Francisco Espinoza Feregrino, the
Head of Teaching and Research at HGQ, Dr. Arturo
Garcia Balderas, and Genoveva Castanieda, the Head
of the Nutrition Department at HGQ, LN. Rigoberto
Luna Herndndez, as well as the entire team of nutri-
tionists, oncological surgeons, and medical oncolo-

gists at HGQ. Special thanks to Dr. Roberto Esquivel
Garcia and Dr. Miriam Aracely Anaya Loyola from the
Universidad Auténoma de Querétaro for their support
from their respective areas.

Funding

This study was funded by the Special Projects Fund
of the Rectorate (FOPER-222- FCN03102) and the
Fund for the Development of Knowledge (FONDEC)
of the Universidad Auténoma de Querétaro (FNN-
2022-05).

Bibliographic references

1. World Health Organization. Cancer [Internet]. 2022 [cited
2023 Nov 12]. Available from: https://rb.gy/x4b19u

2. Bray F, Ferlay J, Soerjomataram I, et al. Global cancer statis-
tics 2018: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2018;68(6):394-424. doi: 10.3322/caac.21492

3. Vitaloni M, Caccialanza R, Ravasco P, et al. The impact of
nutrition on the lives of patients with digestive cancers: a posi-
tion paper. Support Care Cancer. 2022;30(10):7991-6. doi:
10.1007/500520-022-07241-w

4. Muscaritoli M, Arends J, Bachmann P, et al. ESPEN practical
guideline: Clinical Nutrition in cancer. Clin Nutr. 2021;40(5)
2898-913. doi: 10.1016/j.cInu.2021.02.005

S.  ArendsJ, Muscaritoli M, Anker S, et al. Overcoming barriers to
timely recognition and treatment of cancer cachexia: Sharing
Progress in Cancer Care Task Force Position Paper and Call
to Action. Crit Rev Oncol Hematol. 2023;185:103965. doi:
10.1016/j.critrevonc.2023.103965

6. Gillis C, Richer L, Fenton TR, et al. Colorectal cancer patients
with malnutrition suffer poor physical and mental health
before surgery. Surgery. 2021;170(3):841-7. doi: 10.1016/j.
surg.2021.04.003

7. GlobalSurg Collaborative and NIHR Global Health Unit on
Global Surgery. Impact of malnutrition on early outcomes
after cancer surgery: an international, multicentre, prospective
cohort study. Lancet Glob Health. 2023;11(3):e341-9. doi:
10.1016/52214-109X(22)00550-2

8. Océn-Bretén M], Luengo-Pérez LM, Virizuela JA, et al
Soporte nutricional y nutriciéon parenteral en el paciente
oncolégico: informe de consenso de un grupo de expertos.
Endocrinol Diabetes Nutr. 2017;65(1):17-23. doi: 10.1016/j.
endinu.2017.10.012

9. Prado CM, Laviano A, Gillis C, et al. Examining guidelines
and new evidence in oncology nutrition: a position paper on
gaps and opportunities in multimodal approaches to improve
patient care. Support Care Cancer. 2022;30(4):3073-83. doi:
10.1007/s00520-021-06661-4

15



10.

11.

12.

13.

14.

1S.

16.

17.

18.

19.

20.

21.

22.

Méndez-Rojas B, et al. Rev. Nutr. Clin. Metab. 2024;7(4):6-17.

Achilli P, Mazzola M, Bertoglio CL, et al. Preoperative immu-
nonutrition in frail patients with colorectal cancer: an inter-
vention to improve postoperative outcomes. Int J Colorectal
Dis. 2019;35(1):19-27. doi: 10.1007/s00384-019-03438-4

August DA, Huhmann MB; American Society for Parenteral
and Enteral Nutrition (A.S.P.E.N.) Board of Directors.
A.SPEN. Clinical guidelines: Nutrition support therapy
during adult anticancer treatment and in hematopoie-
tic cell transplantation. JPEN J Parenter Enteral Nutr.
2009;33(5):472-500. doi: 10.1177/0148607109341804

Zhang X, Zhao W, Du Y, et al. A simple assessment model
based on phase angle for malnutrition and prognosis in hos-
pitalized cancer patients. Clin Nutr. 2022;41(6):1320-7. doi:
10.1016/j.cInu.2022.04.018

de Almeida C, Moreira-Penna P, Silveira-Pereira S, et al.
Relationship between phase angle and objective and subjec-
tive indicators of nutritional status in cancer patients: a sys-
tematic review. Nutr Cancer. 2021;73(11-12):2201-10. doi:
10.1080/01635581.2020.1850815

Casagrande JT, Pike MC, Smith PG. An improved approxi-
mate formula for calculating sample sizes for comparing two
binomial distributions. Biometrics. 1978;34(3):483-6. doi:
10.2307/2530613

World Medical Association. World Medical Association
Declaration of Helsinki: ethical principles for medical research
involving human subjects. JAMA. 2013;310(20):2191-4. doi:
10.1001/jama.2013.281053

Diario Oficial de la Federaciéon. Ley General de Salud
[Internet]. Diario Oficial de la Federacién. 1984 [cited 2023
Nov 1]. Available from: https://rb.gy/ijtfid

Gupta D, Lis CG, Dahlk SL, et al. The relationship bet-
ween bioelectrical impedance phase angle and subjective
global assessment in advanced colorectal cancer. Nutr J.
2008;7(19):1-6. doi: 10.1186/1475-2891-7-19
Mauricio SF, Ribeiro HS, ML
Status Parameters as Risk Factors for Mortality in
Cancer Patients. Nutr Cancer. 2016;68(6):949-57. doi:
10.1080/01635581.2016.1188971

Correia Nutritional

Torres-Castaiiéon ME, Carreén-Goémez JM, Bernal-Mendoza
LI et al. Valoracién nutricional de las personas adultas
mayores de acuerdo al ajuste de tablas estandarizadas de
CENAPRECE en la zona urbana de Guerrero, México.
RESPYN. 2017;16(2):11-8. doi: 10.29105/respyn16.2-2

Gupta D, Lammersfeld CA, Burrows JL, et al. Bioelectrical
impedance phase angle in clinical practice: implications for
prognosis in advanced colorectal cancer. Am J Clin Nutr.
2004;80(6):1634-8.

Espinosa-Cuevas MA, Rivas-Rodriguez L, Gonzilez-Medina
EC, et al. Vectores de impedancia bioeléctrica para la com-
posicién corporal en poblacién mexicana. Rev Invest Clin.
2007;59(1):15-24.

Peine S, Knabe S, Carrero I, et al. Generation of normal ran-
ges for measures of body composition in adults based on
bioelectrical impedance analysis using the seca mBCA. Int J

23.

24.

2S.

26.

27.

28.

29.

30.

31.

32.

33.

34.

3S.

36.

37.

Body Composition Res. 2013;11(3):67-76. doi: 10.3945/
ajcn.2010.29215

Cruz-Jentoft AJ, Bahat G, Bauer J, et al. Sarcopenia: Revised
European consensus on definition and diagnosis. Age Ageing.
2019;48(1):16-31. doi: 10.1093 /ageing/afy169

Bailey RL. Overview of dietary assessment methods for mea-
suring intakes of foods, beverages, and dietary supplements in
research studies. Curr Opin Biotechnol. 2021;70:91-6. doi:
10.1016/j.copbio.2021.02.007

Secretaria de Salud de los Estados Unidos Mexicanos. Guia de
alimentos para la Poblacion Mexicana. Indicaciones generales
5. ed. [Internet]. imss.gov.mx México. 2022. Avaliable from:
https://rb.gy/70gjnp

Asociacién Mexicana de Agencias de Investigacion de
Mercado (AMAI). Niveles socioeconémicos. [Internet]. 2022
[cited 2022 Jul 24]. Available from: https://rb.gy/91glyr

Loépez-Santiago N. La biometria hematica. Acta Pediatr Mex.
2016;37(4):246-9.

Leandro-Merhi VA, Braz VN, de Aquino JL. Is total lympho-
cyte count related to nutritional markers in hospitalized older
adults? Arq Gastroenterol. 2017;54(1):79-82.

Olay-Fuentes G, Difaz-Piedra P, Herndndez-Gémez R, et
al. Determinacion de intervalos de referencia para quimica
clinica en poblacién mexicana. Rev Latinoamer Patol Clin.
2013;60(1):43-S1.

Arrobas-Velilla T, Guijarro C, Campuzano-Ruiz R, et al.
Consensus document for lipid profile determination and
reporting in Spanish clinical laboratories. What parame-
ters should a basic lipid profile? Clin Investig Arterioscler.
2023;35(2):91-100.

Zhang Z, Pereira SL, Luo M, et al. Evaluation of blood biomar-
kers associated with risk of malnutrition in older adults: A sys-
tematic review and meta-analysis. Nutrients. 2017;9(829):1-
20. doi: 10.3390/nu9080829

Loépez-Sanchez AM, Moreno-Torres R, Pérez De La Cruz
AJ, et al. Prevalencia de desnutricion en pacientes ingresados
en un hospital de rehabilitacién y traumatologfa. Nutr Hosp.
2005;20(2):121-30.

Thibault R, Abbasoglu O, Ioannou E, et al. ESPEN guideline
on hospital nutrition. Clin Nutr. 2021;40(12):5684-709.
Volkert D, Beck AM, Cederholm T, et al. ESPEN Guideline
ESPEN practical guideline: Clinical nutrition and hydration
in geriatrics. Clin Nutr. 2022;41(4):958-89.

Souza NC, Avesani CM, Prado CM, et al. Phase angle as a
marker for muscle abnormalities and function in patients
with colorectal cancer. Clin Nutr. 2021;40(7):4799-806. doi:
10.1016/j.cInu.2021.06.013

Dodds RM, Syddall HE, Cooper R, et al. Grip Strength
across the Life Course: Normative Data from Twelve British
Studies. PLoS One. 2014;9(12):1-15. doi: 10.1371/journal.
pone.0113637

Feliciano EMC, Kroenke CH, Meyerhardt JA, et al.
Association of Systemic Inflammation and Sarcopenia with



38.

39.

40.

41.

42.

Méndez-Rojas B, et al. Rev. Nutr. Clin. Metab. 2024;7(4):6-17.

Survival in Nonmetastatic Colorectal Cancer: Results From
the C SCANS Study. JAMA Oncol. 2017;3(12):e172319.
doi:10.1001/jamaoncol.2017.2319

Arab A, Karimi E, Vingrys K, et al. Is phase angle a valuable
prognostic tool in cancer patients’ survival? A systematic
review and meta-analysis of available literature. Clin Nutr.
2021;40(5):3182-90. doi: 10.1016/j.clnu.2021.01.027

Hui D, Dev R, Pimental L, et al. Association between Multi-
frequency Phase Angle and Survival in Patients with Advanced
Cancer. ] Pain Symptom Manage. 2017;53(3):571-7. doi:
10.1016/j.jpainsymman.2016.09.016

Barao K, Abe Vicente Cavagnari M, Silva Fucuta P, et al.
Association between Nutrition Status and Survival in
Elderly Patients with Colorectal Cancer. Nutr Clin Pract.
2017;32(5):658-63. doi: 0.1177/0884533617706894

Pena NF, Mauricio SF, Rodrigues AMS, et al. Association
Between Standardized Phase Angle, Nutrition Status, and
Clinical Outcomes in Surgical Cancer Patients. Nutr Clin
Pract. 2019;34(3):381-6. doi: 10.1002/ncp.10110

Norman K, Stobdus N, Zocher D, et al. Cutoff percentiles
of bioelectrical phase angle predict functionality, quality of
life, and mortality in patients with cancer. Am J Clin Nutr.
2010;92(3):612-9. doi: 10.3945/ajcn.2010.29215

43.

44,

4S.

46.

47.

Ristescu I, Pintilie G, Filip D, et al. Perioperative Anemia and
Transfusion in Colorectal Cancer Patients. Chirurgia (Bucur).
2019;114(2):234-42. doi: 10.21614/chirurgia.114.2.234

Holtedahl K, Borgquist L, Donker GA, et al. Symptoms and
signs of colorectal cancer, with differences between pro-
ximal and distal colon cancer: a prospective cohort study
of diagnostic accuracy in primary care. BMC Fam Pract.
2021;22(148):1-13. doi: 10.1186/s12875-021-01452-6

Tojek K, Bana§ W, Czerniak B, et al. Total blood lympho-
cyte count as a prognostic factor among unselected inpa-
tients. Adv Med Sci. 2020;65(1):141-8. doi: 10.1016/j.
advms.2020.01.001

Evans DC, Corkins MR, Malone A, et al. The Use of Visceral
Proteins as Nutrition Markers: An ASPEN Position Paper.
Nutr Clin Pract. 2021;36(1):22-8. doi: 10.1002/ncp.10588

Ravasco P, Monteiro-Grillo I, Camilo M. Individualized
nutrition intervention is of major benefit to colorectal cancer
patients: Long-term follow-up of a randomized controlled
trial of nutritional therapy. Am J Clin Nutr. 2012;96(6):1346-
53. doi: 10.3945/ajcn.111.018838

17



