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Introduction: Cachexia is prevalent in cancer and is associated with poorer prognosis. We aimed to investigate the association of 
interleukin-6 (IL-6) and vitamin D levels with cachexia in cancer patients. We also assessed the relationship between body 
composition profile and cachexia, IL-6, and vitamin D levels.
Methods: A cross-sectional study was conducted at Dharmais National Cancer Hospital. The study included patients with newly 
diagnosed biopsy-proven nasopharyngeal cancer, lung cancer, breast cancer, cervical cancer, or non-Hodgkin lymphoma. Blood 
samples, anthropometrics, and body composition were measured.
Results: A total of 150 cancer patients were included in the study, with a median age of 52 years, and 64% (n = 96) are female. The 
prevalence of cachexia was 57%. Cancer patients with cachexia had higher IL-6 levels (P = 0.025). No association between cachexia 
and vitamin D levels was found (P = 0.787). Patients with cachexia had lower body composition components than those without 
cachexia (P < 0.05). Vitamin D levels were positively correlated with muscle mass, visceral fat, and handgrip strength (P < 0.05), 
while no association between IL-6 and body composition was found.
Conclusion: Cancer-associated cachexia is associated with a higher level of IL-6, lower BMI, lower fat mass index, and lower 
visceral fat. Vitamin D levels, but not IL-6, are correlated with muscle mass, muscle strength, and visceral fat in cancer patients.
Keywords: interleukin-6, vitamin D, cachexia, handgrip strength, cancer, nutrition

Introduction
Cachexia is one of the comorbidity in cancer, characterized by progressive loss of body weight, skeletal muscle and 
adipose tissue mass, that has devastating impact. It has been known to affect up to 80% of cancer cases1 It is associated 
with higher mortality1,2 and poorer response rate to cancer treatment.3 It is still challenging to reverse cancer-associated 
cachexia when it has occurred. The probability of regaining muscle mass in patients with advanced stage of cancer and 
cachexia was estimated to be only 2%.4 It is therefore important to disentangle factors associated with cachexia to 
improve survival and response rate to treatment.

The onset of cachexia and its progression is contributed by anorexia, inflammation, and disturbance in hormonal and 
metabolic homeostasis.4 Vitamin D has role in skeletal muscle homeostasis, and its deficiency is correlated with 
decreased muscle function, increased disability, and sarcopenia, which is characterized by increased fat and reduced 
muscle mass.5 Meta-analyses and randomized controlled trials show advantages of vitamin D in improving age-related 
decline in muscle function. On the other side, the mechanism of vitamin D in the development and differentiation of 
muscle cells remains inconclusive.6

In cancer patients, decreased vitamin D level in the circulation was reported to be associated with impairment of 
glucose metabolism and insulin sensitivity. Some advantages of vitamin D supplementation observed in metastatic 
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prostate cancer which resulted in improved muscle strength and reduced pain score,7 higher disease-free survival in 
breast cancer patients.8

Cancer cachexia pathogenesis is multifactorial, including general hypercatabolic state, energy deficit condition, 
and low-grade inflammatory response of both tumor and host origin. Systemic inflammation is an important feature 
and considered as the main drivers of cancer-associated cachexia.9 Proinflammatory cytokines, such as IL-6, INF-γ, 
and TNF-α, induced muscle protein catabolism and impair the synthesis of muscle proteins, triggering cachexia.10 

Vast literatures have investigated the association of interleukin-6 (IL-6) and cachexia in cancer. However, most 
previous literatures used animal models or focused on a particular cancer which limited the extrapolations in human 
cancers in general.11–13 Moreover, vitamin D was suggested to reduce IL-6 in systemic inflammation.9,11 To the best 
of our knowledge, this is the first reported study from Indonesia regarding vitamin-D levels and IL-6 related to 
cancer-associated cachexia. The present study aims to investigate the association of IL-6 and vitamin D levels with 
cachexia in newly diagnosed cancer patients.

Methods
Study Population
A cross-sectional study was conducted in Dharmais National Cancer Center in Indonesia with consecutive sampling. The 
study population was patients aged 18 years old and above with newly diagnosed biopsy-proven from the top five of the 
most common type of diagnosed cancer in our hospital: nasopharyngeal cancer, lung cancer, breast cancer, cervical 
cancer, or non-Hodgkin lymphoma from January to December 2020. To evaluate the prevalence of cachexia on each 
cancer type, the number of patients is well distributed. Random sampling was used in this study. We excluded patients 
with more than one primary cancer. Informed consent was obtained. This study was approved by the ethical committee of 
Dharmais National Cancer Center, Indonesia (no. 165/KEPK/XII/2020) in accordance with the Declaration of Helsinki. 
Data were collected at diagnosis and prior to cancer treatment initiation.

Measurements
A 5-mL peripheral blood sample from each patient was collected by venipuncture, stored in an EDTA tube, and was 
centrifuged. Plasma was stored at a temperature of −80oC. IL-6 was measured using electrochemiluminescence (ECLIA) 
method (Cobas e601 analyzer, Roche Diagnostics GmbH). Vitamin D was measured using chemiluminescent micro-
particle immunoassay (CMIA) method (Abbott Architect i2000 SR).

Body weight was measured with patients wearing light clothes and without shoes, using a calibrated digital scale. 
Weight was recorded to the nearest 0.1 kg. Height was measured on a stadiometer and recorded to the nearest 0.1 kg. 
Body mass index (BMI) was calculated as weight in kilograms divided by square of height in meters. Asian BMI 
classification was used in this study. Cachexia was measured based on history taking from the patients and BMI 
measurement. It was defined as weight loss >5% over the past 6 months, or weight loss >2% over the past 6 months 
if current BMI <20 kg/m2.4

To estimate fat mass index, skeletal muscle mass, and visceral adipose tissue, bioelectrical impedance analysis (BIA) 
was used All scans were performed by trained nutritionist. DXA protocol from the manufacturer was followed. Handgrip 
strength in kilograms was measured using Camry digital hand dynamometer. Each hand was measured for three times. 
The maximum value of the dominant hand was used for the analysis.

Statistical Analysis
Descriptive analyses are presented in count and proportion for categorical variables. Continuous variables are presented 
in mean (standard deviation [SD]) or median (Q1 – Q3), depending on the data distribution. To compare characteristics 
and body composition profile between patient with and without cachexia, chi-square test or Mann–Whitney U-test was 
performed. Visualization using Boxplot and Mann–Whitney test was applied to show the difference in IL-6 and vitamin 
D levels between patients with and without cachexia. Correlation between IL-6 and vitamin D as well as correlation of 
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body composition with IL-6 or vitamin D were assessed using Spearman correlation. All statistical analyses were 
performed using Stata version 16 (StataCorp, Texas, USA). A p-value <0.05 was considered statistically significant.

Results
Patients’ Characteristics
A total of 150 patients was included in the study, in which 64% (n = 96) patients were females and had median age of 52 
years old. The prevalence of cachexia was 57.3% (n = 86). Underweight was found in 8% (n = 12) patients, obesity in 
10% (n = 15) patients. Nasopharynx cancer is the type of cancer with most cachexia patients, followed by lung, and in 
the third place there were breast, cervix cancer and non-Hodgkin lymphoma, with same number of patients. No 
difference in sex, age, type of cancer, or comorbidities among patients with cachexia vs without cachexia (all P > 
0.05) (Table 1).

Association of Body Composition and Handgrip Strength with Cachexia
Patients with cachexia had lower BMI, waist circumference (WC), fat mass index (FMI), and visceral adipose tissue 
compared to patients without cachexia (P < 0.05). There was no difference in skeletal muscle mass and handgrip strength 
between patients with cachexia and without cachexia (Table 2).

Table 1 Patients’ Characteristics

Characteristics All Individuals No Cachexia Cachexia P
n = 150 n = 64 n = 86

Females, n (%) 96 (64.0) 45 (70.3) 51 (59.3) 0.165

Age (years), median (Q1–Q3) 52 (43–61) 52 (45–59.5) 50 (41–61) 0.765
Type of cancer, n (%)

Nasopharynx 30 (20.0) 9 (14.1) 21 (24.4) 0.286

Lung 30 (20.0) 10 (15.6) 20 (23.3)
Breast 30 (20.0) 15 (23.4) 15 (17.4)

Cervix 30 (20.0) 15 (23.4) 15 (17.4)

Non-Hodgkin lymphoma 30 (20.0) 15 (23.4) 15 (17.4)
Comorbidities, n (%)

Type 2 diabetes 16 (10.7) 6 (9.4) 10 (11.6) 0.658
Hypertension 28 (18.7) 14 (21.9) 14 (16.3) 0.384

Dyslipidemia 22 (14.7) 13 (20.3) 9 (10.5) 0.092

Others 5 (3.3) 3 (4.7) 2 (2.3) 0.425

Note: P values were calculated using chi-square or Mann–Whitney U-test, where appropriate.

Table 2 Association of Body Composition and Handgrip Strength with Cachexia

Median (Q1–Q3) P

All Individuals No Cachexia Cachexia

Body mass index (kg/m2) 23.5 (21.0–26.4) 26.0 (23.4–29.0) 21.9 (19.8–24.6) <0.001
Underweight, n (%) 12 (8.0) 1 (1.6) 11 (12.8)

Normal weight, n (%) 83 (55.3) 26 (40.6) 57 (66.3)

Overweight, n (%) 40 (26.7) 24 (37.5) 16 (18.6)
Obesity, n (%) 15 (10.0) 13 (20.3) 2 (2.33)

Waist circumference (cm), 83 (74.5–90) 88 (80–94) 79.5 (72–88) 0.001

Fat mass index (kg/m2) 8.1 (5.5–10.6) 10.0 (7.9–12.4) 7.0 (4.8–8.9) <0.001
Skeletal muscle mass (kg) 15.0 (12.5–19.1) 15.3 (12.7–18.5) 14.7 (12.4–19.7) 0.473

Visceral adipose tissue (liter) 2.1 (1.6–2.6) 2.3 (1.9–2.9) 1.8 (1.4–2.3) 0.0001

Handgrip strength (kg) 22.1 (17.8–28.4) 21.6 (17.1–28.2) 22.2 (18.2–29.1) 0.675

Note: P values were calculated using Mann–Whitney U-test.
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Interleukin-6 and Vitamin D Levels in Patients with Cachexia and without Cachexia
IL-6 level was found to be higher in patients with cachexia than in patients without cachexia (P = 0.025), whereas no 
difference in vitamin D level was observed between patients with and without cachexia (P = 0.787). Vitamin D and IL-6 
levels between patients with and without cachexia are shown in Figure 1A and B.

A

B

Figure 1 (A) Difference in IL-6 levels in patients with cachexia vs without cachexia; (B) difference in vitamin D levels in patients with cachexia vs without cachexia.
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Correlation of IL-6 and Vitamin D Levels with Body Weight, BMI, Fat Mass Index, 
Muscle Mass, Visceral Fat, and Handgrip Strength
There was no correlation of IL-6 with body weight, BMI, fat mass index, muscle mass, visceral fat, or handgrip strength. 
On the other hand, vitamin D level was negatively correlated with fat mass index, whereas positively correlated with 
muscle mass, visceral fat, and handgrip strength (all P < 0.05) (Table 3).

Correlation Between IL-6 and Vitamin D Levels
No significant correlation between IL-6 and vitamin D levels was found (r spearman = 0.01; P = 0.892) (Table 3). When 
stratified by the presence of cachexia, no correlation between IL-6 and vitamin D levels was observed among patients 
with cachexia (r = 0.03; P = 0.811) or among patients without cachexia (r = −0.006, P = 0.960).

Discussion
Our study demonstrated that IL-6 was higher in cancer patients with cachexia than those without cachexia. This confirms 
previous findings from human and mice studies.12–14 Some mechanisms on the effect of IL-6 on cancer cachexia have 
been suggested. IL-6 may trigger tissue catabolism, and therefore attenuate the development of weight loss and muscle 
wasting.15 Moreover, IL-6 may accelerate autophagy of muscle cells in cancer environment.16 The present study showed 
an association of cachexia with IL-6, but not with vitamin D levels in cancer patients. Besides, vitamin D was found to be 
correlated with handgrip strength and several body composition components, such as fat mass index, skeletal muscle 
mass, and visceral adipose tissue. No correlation between IL-6 and vitamin D was found.

While vitamin D deficiency has been shown to cause skeletal muscle abnormalities and contribute to muscle 
wasting,17 we found null association between vitamin D levels and cachexia in cancer patients. Similarly, vitamin 
D supplementation did not improve muscle wasting in hepatoma-induced rats.1 However, the animal study showed an 
overexpression of vitamin D receptor in rats with cancer cachexia regardless of the vitamin D levels.1

As previously reported, cachexia was associated with lower BMI, smaller waist circumference, lower fat mass index, 
and lower visceral adipose tissue in the present study. Interestingly, no difference in skeletal muscle mass and handgrip 
strength was observed between patients with and without cachexia. The latter finding was contrast to an international 
consensus indicating that muscle wasting (sarcopenia), instead of fat loss, was predominant in cancer-associated 
cachexia.4 The studies used in the consensus mainly involved patients with advanced stages of cancer or had received 
chemotherapy as the study population.4 Taken together, these findings imply that depletion of adipose tissue, compared to 
loss of skeletal muscle, might be more prominent in cachexia among treatment-naïve cancer; meanwhile, muscle wasting 
might contribute more to cachexia among cancer patients undergoing treatment or in advanced stages.

Although we found an association between IL-6 and cancer-associated cachexia and associations of body composition 
components with cachexia, no correlation between IL-6 and body composition components (ie, body weight, BMI, fat mass 
index, skeletal muscle mass, and visceral adipose tissue) was observed. This finding suggests that body compositions 

Table 3 Correlation of IL-6 and Vitamin D Levels with Body 
Weight, BMI, Fat Mass Index, Muscle Mass, Visceral Fat, and 
Handgrip Strength

IL-6 (pg/mL) Vitamin D (ng/mL)

r P r P

Body weight (kg) −0.06 0.429 0.11 0.165

Body mass index (kg/m2) −0.08 0.328 −0.07 0.409

Fat mass index (kg/m2) −0.10 0.229 −0.2 0.014
Skeletal muscle mass (kg) −0.06 0.483 0.32 0.001

Visceral adipose tissue (l) −0.009 0.913 0.21 0.01

Handgrip strength (kg) −0.12 0.147 0.34 <0.001

Note: All correlation coefficients (r) were calculated using Spearman correlation.
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measured using BIA did not serve as a mediator in the association between IL-6 and cachexia. Catabolism induced by 
proinflammatory cytokines including IL-6 was rather observed in molecular level as shown by previous studies.18,19 Majority 
of patients with obesity in this current study had no cachexia. However, loss of muscle mass and function could also be 
occurred in obesity patients, defined as sarcopenic obesity, in which in this study we did not evaluate further.20

Our study indicated evidence of a positive correlation of vitamin D levels with skeletal muscle mass and handgrip strength in 
a cancer population. In line with our finding, a study in head and neck cancer patients also found a positive correlation between 
vitamin D level with skeletal muscle mass both before and after treatment.21 Moreover, a corresponding correlation was also seen 
among elderly with sarcopenia22 and patients undergoing regular hemodialysis.23 A proposed mechanism underlying this 
correlation is that vitamin D binding to the receptors stimulates phosphate uptakes energy-rich phosphate compound is formed 
and contribute to muscle cell contractility.24 Vitamin D also promotes the activation of mitogen-activated protein kinase signaling 
pathways which may result in myogenesis and cell proliferation.13 Nevertheless, whether vitamin D supplementation in cancer 
patients may improve their muscle mass and muscle strength warrants further investigation in the future.

The present study did not detect any correlation between vitamin D and IL-6 levels. On the other hand, some studies 
showed that vitamin D administration downregulated several proinflammatory cytokines including IL-6.9,11 The study 
population in those previous studies was patients with systemic infection. It is possible that the interaction between 
vitamin D and IL-6 in cancer is somewhat distinct from the interaction between them in the case of systemic infection.

This study is the first study that we know of to evaluate the role of vitamin D and IL-6 with cachexia and body 
compositions in naïve-treatment cancer patients in Indonesia. Longitudinal study design should be performed in the 
future to investigate the causal association between IL-6 and cancer-associated cachexia. Limitation in this study includes 
small patient numbers, and variety in cancer types. Another limitation is that although BIA provides precise measures of 
body composition, BIA could not assess visceral fat and skeletal muscle mass at the tissue organ level, which may 
contribute to the null correlation of body composition with IL-6 and vitamin D in the present study. Recall bias might 
have occurred since we relied on patients’ history to dietary intake. In addition, data of smoking, kidney or liver diseases, 
hypo- or hyperparathyroidism, or other conditions that might affect vitamin D or IL-6 levels were not available.

Conclusions
Cancer-associated cachexia in this study population is associated with a higher level of IL-6, lower BMI, lower fat mass 
index, and lower visceral adipose tissue. We also found that muscle mass, muscle strength, and visceral adipose tissue are 
positively correlated with vitamin D levels in patients with cancer.

Disclosure
There is no conflict of interests within authors on this research.
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