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Purpose: This study aimed to compare the phase angle (PhA) and other anthropometric values in patients with and without
a cancer diagnosis.

Materials and Methods: A retrospective study in Istanbul, Turkey, included 82 patients in a hospital’s Nutrition and Dietetics
Outpatient Clinic in 2023. The participants were divided into cancer and control groups. Anthropometric measurements included
weight (kg), height (cm), and various body composition parameters such as body mass index (BMI) (kg/m?), skeletal muscle mass
(SMM), skeletal muscle mass index (SMMI), fat mass (FM) (kg), fat-free mass (FFM) (kg), muscle mass (MM) (kg), and total body
water (TBW) (kg).

Results: Statistically significant difference was found in BMI (t=-3.293; p<0.01), FFM (U=502.5; p <0.01), MM (U = 480;
p<0.001), FM (U=573; p<0.05), and TBW (U=550; p < 0.01) between the groups. Also, a significant difference was found in
PhA (t=-3.689; p <0.001), SMM (U =502.5; p < 0.01), and SMMI (¢ = —3.189; p < 0.01). The study revealed significant differences
in FEM, MM, and TBW values based on PhA groups among patients with and without a cancer diagnosis. For cancer patients,
high PhA values correlated with significantly higher mean FFM, MM, and TBW values than those with low PhA values (p < 0.05).
Additionally, age was associated with decreased PhA, and SMMI was linked to increased PhA among patients with cancer
(p<0.01; p<0.001, respectively).

Conclusion: Our study found that certain measurements were significantly lower in cancer patients than those without cancer.
These findings suggest that BIA can benefit all cancer patients, and conducting future studies on this topic will help enhance
patient treatment and follow-up.
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1. Introduction

In health care, anthropometric measurements are used to
evaluate the proportions and the size of the human body.
Following guidelines from the European Society for Clinical
Nutrition and Metabolism (ESPEN), the National Institute
for Health and Care Excellence (NICE), and the British
Association for Parenteral and Enteral Nutrition (BAPEN)
on recording anthropometric data is vital for many clinical
interventions [1]. Many studies have shown that different

body size parameters may help assess the effects of treatment
or patients’ prognoses [2].

Bioelectrical impedance analysis (BIA) is a reliable, cost
effective, objective, and noninvasive method with high re-
peatability and minimal training requirements. Recent
studies have also suggested the potential benefits of using
BIA to assess body composition in cancer patients [3]. BIA
does not directly measure the body composition but cal-
culates total body water (TBW) by measuring impedance
(Z), which is determined by resistance (R) and reactance
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(Xc) components, by recording the voltage drop in the
applied current [3-5].

In recent years, phase angle (PhA) has also started to be
included among the parameters used in the evaluation of
patients. Human studies have shown that PhA correlates with
cellular health [6] and PhA is influenced by many factors,
such as disease, nutritional status, and the level of physical
activity [7, 8]. The PhA value indicates the health of a cell. A
lower PhA value indicates cell death or reduced cell integrity,
while a higher PhA indicates a strong cell membrane. Because
it is associated with cellular integrity, PhA is considered
a more sensitive indicator of nutritional status than imped-
ance [9]. Most studies have shown a direct relationship be-
tween fat-free mass (FFM), muscle mass (MM), FFM
components, and PhA. It can be concluded that the PhA is
directly related to lean mass and MM in different age groups
(such as children, adolescents, adults, and older adults) and
individuals with varying diagnoses of health (such as HIV,
cancer, hemodialysis, sarcopenia, and healthy individuals)
[10]. PhA is reported to be a good indicator of prognosis and
mortality in hemodialysis, cancer, human immunodeficiency
virus (HIV), and liver and geriatric diseases. The PhA is
a valuable and efficient tool for assessing nutritional status
and risk of mortality. In contrast, although noninvasive, other
nutritional screening tools are more time consuming and
highly subjective. In adults, FFM should contain 69%-75%
water to calculate a reliable PhA value with the BIA method. A
low PhA value reflects low reactance, cell death, or impaired
selective permeability of the cell membrane. For an ideal cell
membrane structure, the PhA should be between 5° and 7°. It
is generally said that the PhA is between 5° and 7° in healthy
individuals; however, it can reach up to 9.5° in athletes. For an
ideal cell membrane structure, PhA should be between 5° and
7°. The decrease in reactance is linked to muscle loss, aging,
increased adipose tissue, and reduced body water, leading to
higher resistance and lower PhA [11].

Although the high potential of PhA in health and disease
conditions has been demonstrated, its relationship with body
composition components remains unclear and results are
contradictory [10]. PhA is a viable tool for assessing cellular
health and integrity and may be a potential marker for in-
flammation and oxidative stress. Lower PhA has consistently
been associated with higher levels of CRP, interleukins, and
TNF-a, as well as lower albumin levels, despite heterogeneity in
populations, study designs, and BIA devices [12]. Therefore, the
study aimed to compare the PhA and other anthropometric
values in patients with and without a cancer diagnosis.

2. Methods

2.1. Study Design and Setting. This retrospective study was
conducted in Istanbul, Turkiye, and evaluated the patients
who consulted a hospital’s Nutrition and Dietetics Out-
patient Clinic in 2023.

2.2. Study Population and Sample. Participants in the study
were randomized using the “Research Randomizer” pro-
gram (https://www.randomizer.org) and subsequently
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divided into two groups: patients diagnosed with cancer and
a control group consisting of patients not diagnosed with
cancer. The randomization and assignment of participants to
groups were conducted by the Researcher 1, while the
evaluation was performed by Researcher 2 who was blinded
to the group assignments.

2.3. Inclusion and Exclusion Criteria. The inclusion criteria
for patients diagnosed with cancer were patients between the
ages of 18-69 who had any active cancer diagnosis. Exclusion
criteria for both groups were those with a history of wrist or
finger fractures in the last year and those unable to mobilize
and communicate. This exclusion was applied to both groups
to ensure consistency in data collection and analysis. These
excluded patients were not included in any subsequent cal-
culations. The exclusion criteria were meticulously followed to
maintain the integrity of the study and to prevent potential
biases that could arise from including patients with such in-
juries. The study focused on participants who met the inclusion
criteria and did not have any of the specified exclusions.

2.4. Data Collection. The anthropometric measurements
included weight (kg), height (cm), and various body com-
position parameters such as body mass index (BMI) (kg/mz),
fat mass (FM) (kg), FFM (kg), MM (kg), and TBW (kg).
Body composition and PhA values were measured using
a multiple frequency BIA (TANITA MC 780). BIA was
measured with the subjects after an overnight fast and when
the bladder was emptied. Patients were instructed to stand
upright with bare feet on the device’s footpads and to remove
any jewelry and metal objects before the measurement.

Skeletal muscle mass (SMM) was calculated using
the participants’ FFM, determined by BIA (SMM (kg) =
0.566 x FFM). SMM was adjusted by height and divided
by height squared to calculate the skeletal muscle mass
index (SMMI).

2.5. Statistical Analyses. Categorical variables are shown as
frequency and percentage in the descriptive statistics. The
normal distribution of numerical variables was assessed
using the Shapiro-Wilk Test. Descriptive statistics for nu-
merical variables are presented as mean + standard deviation
(M £ SD) for normally distributed data and median (min-
max) for data not showing normal distribution. A com-
parison of two independent groups with normal distribution
was conducted using the independent samples T test, while
the Mann-Whitney U Test was used to compare two in-
dependent groups without normal distribution. The effect
between variables was examined using multiple regression
analysis. The statistical significance level was set at “p < 0.05,
p<0.01, p<0.001” and hypotheses were established in two
directions. The statistical analysis was performed using the
SPSS v27 (IBM Inc., Chicago, IL, USA) software package.

2.6. Ethical Issues. The study was conducted in accordance
with the ethical principles outlined in the Koc University’s
Institutional Review Board (IRB) guidelines and received
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IRB approval (IRB number: 2024.175.IRB2.075, Date: 07/05/
2024). The study was conducted in accordance with the
relevant ethical standards and institutional approvals, as
required by the hospital where the study was conducted. The
study was carried out following the ethical principles stated
in the Declaration of Helsinki.

3. Results

In the study, a total of 82 patients were included. Among
individuals without a cancer diagnosis, 56.1% were female
(n: 23), with a mean age of 45.88 + 12.47 years, 14.6% had
undergone surgery, and 19.5% had insulin resistance. On the
other hand, 68.3% of individuals diagnosed with cancer were
female (n: 28), with a mean age of 53.17+ 12.40 years.
Furthermore, 70.7% had undergone surgery, and 17.1% had
insulin resistance (Table 1).

In the study, a statistically significant difference was
found in the BMI (#=-3.293; p<0.01), FFM (U=502.5;
p<0.01), MM (U=480; p<0.001), FM (U=573; p<0.05),
and TBW (U=550; p<0.01) between the study groups
(Table 1).

Comparing the study groups, it was observed that the
mean BMI value of individuals without a cancer diagnosis
(28.43 + 4.46) was higher than the mean of individuals with
a cancer diagnosis (24.97 + 5.05). Additionally, the median
FFM value of individuals without a cancer diagnosis [56.6
(37.5-82.3)] was higher than the median of individuals with
a cancer diagnosis [46.7 (33.1-83.1)]. Similarly, the median
MM value of individuals without a cancer diagnosis [53.7
(35.6-78.3)] was higher than the median of individuals with
a cancer diagnosis [43.8 (11.8-79)]. The median FM value of
individuals without a cancer diagnosis [22.3 (12.8-50.6)] was
also higher than the median of individuals with a cancer
diagnosis [19.8 (2.3-47.7)]. Furthermore, the median TBW
value of individuals without a cancer diagnosis [39.2 (39.2)]
was higher than the median of individuals with a cancer
diagnosis [33 (22.3-61.5)] (Table 2).

In the study, a significant difference was observed in the
PhA (t=-3.689; p<0.001), SMM (U=502.5; p<0.01), and
SMMI (t=-3.189; p<0.01) between the groups. Upon
analyzing the results, it was found that the mean PhA value
of individuals without a cancer diagnosis (5.85 +0.82) was
statistically higher than that of individuals with a cancer
diagnosis (5.16 £ 0.89). Similarly, the median SMM value of
individuals without a cancer diagnosis [32 (21.2-46.6)] was
statistically higher than that of individuals with a cancer
diagnosis [26.4 (18.7-47)], and the mean SMMI value of
individuals without a cancer diagnosis (11.10+ 1.34) was
statistically higher than that of individuals with a cancer
diagnosis (10.09 + 1.51) (Table 2).

The study discovered statistically significant differences
in the FFM, MM, and TBW values of individuals with and
without a cancer diagnosis based on their PhA groups. For
individuals with a cancer diagnosis, those with high PhA
values had significantly higher mean FFM values
(57.02+12.41) compared to those with low PhA values
(46.57 +7.36). Similarly, the median MM values for in-
dividuals diagnosed with cancer with high PhA (54.5) were

higher than those with low PhA (43.2), and the mean TBW
values for high PhA individuals (41.03 +5.09) were statis-
tically higher than those with low PhA (32.29 +5.09)
(Table 3).

There were also significant differences in FFM, MM,
and TBW values for individuals without a cancer di-
agnosis based on their PhA groups. Those with high PhA
values had significantly higher mean FFM (63.08 + 10.11)
and MM values (59.93 + 9.64) compared to those with low
PhA values. Additionally, the median TBW values for
individuals with high PhA [44.9 (30.6-58.1)] were sig-
nificantly higher than those with low PhA [31.7
(26.4-49.7)] (Table 3).

In the study, it was observed that the age and SMMI
values of individuals diagnosed with cancer had a statisti-
cally significant impact on PhA values (p <0.01; p <0.001).
The results showed that with each unit increase in age among
individuals with cancer, there was a 0.026-fold decrease in
PhA values, and for each unit increase in SMMI values, there
was a 0.400-fold increase in PhA values (Table 4).

Similarly, for individuals without a cancer diagnosis, the
age, BMI, and SMMI values had a statistically significant
impact on PhA values (p <0.05; p<0.01; p<0.001). The
findings revealed that with each unit increase in age among
individuals without a cancer diagnosis, there was a 0.018-
fold decrease in PhA values. With each unit increase in BMI,
there was a 0.088-fold decrease, and for each unit increase in
SMMI values, there was a 0.565-fold increase in PhA values
(Table 4).

4. Discussion

The study compared the anthropometric measurements of
individuals with a cancer diagnosis to those without. The
study retrospectively compared the BIA parameters such as
BMI, FFM, MM, EM, TBW, PhA, SMM, and SMMI values of
4] patients who had cancer and visited the Nutrition and
Dietetics Outpatient Clinic with the parameters of 41 in-
dividuals without a cancer diagnosis.

The study showed that BMI, FFM, MM, FM, TBW, PhA,
SMM, and SMMI values were statistically significantly lower
in patients diagnosed with cancer than those without cancer.
Results of a retrospective study including geriatric patients
(n: 210, age > 65 years) undergoing gastrectomy for gastric
cancer showed that low PhA and total gastrectomy were
independent risk factors for both severe and overall
complications [13].

The study found that cancer patients with high PhA
values had higher mean FFM and TBW values than those
with low PhA values. Similarly, the median MM values for
cancer patients with high PhA were higher than those with
low PhA. A retrospective study of 366 patients with ad-
vanced cancer found that PhA was significantly associated
with BMI, sex, and age at all frequencies and on both sides,
except at 250 kHz for sex [14]. In one study, patients with
head and neck cancer (139 subjects) were separated into two
groups: normal PhA and low PhA groups. Over a two-year
follow-up period, functional and symptom scales were
statistically different, with patients with low PhA having
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TaBLE 1: Descriptive statistics of demographic and health findings of individuals according to study groups.
Diagnosed with cancer Control group

n % n %
Gender
Male 13 31.7 18 43.9
Female 28 68.3 23 56.1
Age (years) (X £ 8S) 53.17 £12.40 45.88 +12.47
Surgeries
Yes 29 70.7 6 14.6
No 12 29.3 35 85.4
Disease status
Hypertension 5 12.2 4 9.8
Diabetes 5 12.2 4 9.8
Insulin resistance 7 17.1 8 19.5
Congestive heart failure 1 24 1 24
Coronary heart disease 3 7.3 2 4.9
Hypothyroid 2 4.9 3 7.3

TaBLE 2: Comparison of anthropometric findings of individuals participating in the study according to study groups.

Diagnosed with cancer

Control group

X +SS Median (min-max) X +SS Median (min-max) tu P
BMI (kg/mz) 24.97 +5.05 24.6 (15.1-40.3) 28.43 +4.46 28.3 (21.3-38.8) t=-3.293 0.001™"
FFM (kg) 49.38+9.99 46.7 (33.1-83.1) 57.21+11.82 56.6 (37.5-82.3) U=502.5 0.002**
MM (kg) 45.83+10.89 43.8 (11.8-79) 54.34+11.26 53.7 (35.6-78.3) U=480 < 0.001*""
FM (kg) 20.02+9.88 19.8 (2.3-47.7) 25.29+8.72 22.3 (12.8-50.6) U=573 0.013"
TBW (kg) 34.63+7.52 33 (22.3-61.5) 39.83+8.70 39.2 (26.4-58.1) U=550 0.007**
PhA 5.16+0.89 5 (3, 4-7) 5.85+0.82 5.8 (3.8-7.7) t=-3.689 < 0.001"""
SMM 27.95+5.65 26.4 (18.7-47) 32.38£6.69 32 (21.2-46.6) U=502.5 0.002*"
SMMI 10.09+1.51 9.7 (7.2-14.2) 11.10+1.34 11 (8.8-13.9) t=-3.189 0.002**

Note: t: independent samples T test; U: Mann-Whitney U test.

Abbreviations: FFM; fat-free mass; FM, fat mass; MM, muscle mass; PhA, phase angle; SMM, skeletal muscle mass; SMMI, skeletal muscle mass index; TBW,

total body water.
*p<0.05.
**p<0.01.
***p<0.001.

lower functional scores and higher symptoms [15]. In an-
other study of a total of 51 males with hepatocellular car-
cinoma (HCC), PhA has been associated with lower muscle
function, lower MM, disease progression, more severe
malnutrition risk, and increased mortality in HCC [16]. The
results of our study align with the existing literature.
Another important finding from our study was that
the age and SMMI values of patients with cancer signif-
icantly affected PhA values. With each unit increase in
age, PhA values decreased by 0.026, while each unit in-
crease in SMMI values led to a 0.400 increase in PhA
values. SMM differs from FFM in that SMM only refers to
SMM, whereas FFM includes whole-body lean mass, in-
cluding SMM and internal organs [17]. BIA is a valid
alternative to total skeletal muscle as it correlates highly
with whole body imaging results in longitudinal and
cross-sectional analyses [18]. In Sauza et al’s cross-
sectional study [19], which included 190 patients with
colorectal cancer, PhA was associated with low SMMI,
and PhA had good diagnostic accuracy for detecting low
SMML. In a prospective case-control study, patients with
advanced cancer (n=40) were compared to a sex- and

age-matched control group (n=40). The study found that
patients with advanced cancer had significantly lower
SMMI compared to the control group [20].

In the study, age, BMI, and SMMI values of individuals
without a cancer diagnosis significantly impacted PhA
values. Each unit increase in age led to a 0.018-fold decrease
in PhA values, each unit increase in BMI led to a 0.088-fold
decrease, and each unit increase in SMMI values led to
a 0.565-fold increase in PhA values. In a study of healthy
subjects, in univariate logistic regression analysis, weight
and height emerged as strong significant predictors of PhA,
while MM and visceral fat (p <0.05) predicted it signifi-
cantly. In contrast with our study, the influence of age,
gender, and BMI was not significant. Another study of 81
female patients who were under treatment for post-
menopausal osteoporosis showed significant positive cor-
relations of PhA with appendicular SMMI and significant
negative correlations with age [21].

4.1. Limitations of the Study. The study has several limita-
tions. It included a diverse group of patients with different
types of cancer, various treatments (e.g., surgery and
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TaBLE 3: Comparison of anthropometric measurement values of individuals according to study groups and phase angle groups.

Diagnosed with cancer

Control group

PhA X £SS XSS
Median (min-max) Median (min-max)
Low 24.66 +5.33 25.4 (21.3-38.8)
BMI High 25.79+4.33 29.1 (23.6-37.4)
tUu t=-0.628 U=136
p 0.534 0.062
Low 46.57 +7.36 49.72 +9.52
FEM High 57.02+12.41 63.08+10.11
T t=-2.627 t=-4.308
J4 0.021" < 0.001°""
Low 43.2 (11.8-62.5) 47.20+9.05
MM High 54.5 (40-79) 59.93 £9.64
tU U=79 t=-4.311
p 0.011" < 0.001"""
Low 21.05+10.11 20.1 (15.7-50.6)
M High 17.21 £9.05 23.3 (12.8-40.6)
tUu t=1.107 U=177.5
p 0.275 0.438
Low 32.29+5.09 31.7 (26.4-49.7)
High 41.03+9.46 44.9 (30.6-58.1)
TBW tUu t=-2.912 U=73
p 0.013" < 0.001"""

Note: t: independent samples T test; U: Mann-Whitney U test. Bold values indicate the statistical significance.

Abbreviations: BMI, body mass index; FEM, fat-free mass; FM, fat mass; MM, muscle mass; PhA, phase angle; TBW, total body water.

*p<0.05.
%5 <0.001.

TaBLE 4: Effects of age, BMI, surgery history, and SMMI findings on phase angle findings of individuals participating in the study according

to study groups.

Diagnosed with cancer

Model Ulli:lﬁ}i(i?:ﬂzed ¢ » Confidence interval for 95% f8
B SE Lower limit Upper limit
PhA
(Constant) 2856 0.818 3493 0.001™" 1198 4514
Age -0.026 0.009 -2962 0.005"" -0.044 —-0.008
BMI -0.013 0.030 -0.420 0.677 -0.075 0.049
Surgery status (ref: Undergone)

Not undergone -0.063 0.237 -0.266 0.792 -0.543 0.417
SMMI 0.400 0.102 3933 < 0.001""" 0.194 0.606
Control group

Model Un:(::;i?:ﬁ::ed ¢ » Confidence interval for 95% f8
B SE Lower limit Upper limit
PhA
(Constant) 2572 0.829 3101 0.004"* 0.889 4256
Age -0.018 0.008 -2330 0.026" -0.033 -0.002
BMI -0.088 0.029 -3052 0.004"" -0.147 -0.029
Surgery status (ref: Undergone)
Not undergone 0.380 0.258 1477 0.149 —-0.142 0.903
SMMI 0.565 0.096 5893 < 0.001""" 0.370 0.759

Note: f3: beta coeflicient. Bold values indicate the statistical significance.
Abbreviations: BMI, body mass index; PhA, phase angle; SE, standard error; SMMI, skeletal muscle mass index.

*p<0.05.
**p<0.01.
***p<0.001.



chemotherapy), and different stages of cancer, which made
the population heterogeneous. The study was carried out in
only one center with a relatively small population of patients.

5. Conclusion

Our study found that anthropometric values such as PhA,
BMI, FFM, MM, FM, TBW, SMM, and SMMI were sig-
nificantly lower in patients diagnosed with cancer than those
not diagnosed with cancer. Additionally, the age and SMMI
values of patients with a cancer diagnosis significantly af-
fected the PhA values. Studies have identified disruption of
cellular integrity as a prognostic factor. Therefore, BIA can
be used for all cancer patients, regardless of cancer type and
stage. Conducting randomized controlled prospective
studies on this topic in the future will help improve patient
treatment and follow-up.
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