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Abstract 
Background  

The purpose of this study is to evaluate the association between parathyroid hormone (PTH) and vitamin D insufficiency and health-related QOL problems, 

weariness, and physical functioning in Egyptian patients with advanced cancer. 

Methods 

Enzyme-linked immunosorbent assay (ELISA) was used to quantify serum vitamin D and PTH levels in 58 Egyptian patients with advanced cancer compared to 

22 control persons. The Functional Assessment of Chronic Illness Therapy (FACIT) version 4 palliative care questionnaire's tiredness subscale was used to 

measure cancer-related fatigue, while four primary areas (fatigue, QOL, physical dysfunction, and appetite loss) were measured using the European Organization 

for Research and Treatment of Cancer Quality of Life (EORTC QLQ-C15-PAL) version 1 questionnaire. Additionally, the Palliative Performance Scale (PPS) 

was used to calculate performance ratings. Anthropometric characteristics were assessed. 

Results 

The study was conducted on cancer and control groups defined as follows: 

Group 1 had 58 advanced cancer patients. 

Group (2): 22 healthy participants were recruited from the community through a notice. 

Group (1) had lower serum vitamin D levels [5.74(5.07), p˂0.0001] compared to group (2) [28.1(8.1), p˂0.0001], but group (1) had higher serum intact PTH 

levels [82(21.7), p˂0.0001] compared to group (2) [33.9(29.2), p˂0.0001]. 

Conclusion 

Egyptian patients with advanced cancer frequently had low vitamin D levels, which were linked to severe tiredness symptoms, poor performance, and a terrible 

quality of life. There was an inverse relationship between serum intact PTH levels and serum vitamin D levels. Egyptian patients with advanced cancer frequently 

had high PTH levels, which were associated with severe tiredness symptoms, poor performance, and a negative quality of life. 
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Background

A vital hormone with a variety of roles, vitamin D is necessary for good 

health. Diseases involving immunological, cardiovascular, and respiratory 

system dysregulation have been linked to vitamin D. The most common 

method for determining if vitamin D reserves are adequate is to measure 

levels of 25-Hydroxy Vitamin D (25(OH) D). It is uncertain what the size of 

the impact of vitamin D deficiency is on severely unwell individuals [1]. 

Most people get the vitamin D their bodies need via sporadic exposure to 

sunshine. The skin produces enough cholecalciferol (vitamin D3) in the 

spring, summer, and fall to store it in body fat. This fat is subsequently stored 

and organized throughout the winter, when the skin produces little to no 

vitamin D3 [2]. The foods provide a minimal quantity of vitamin D. There 

are only a few foods that naturally contain considerable levels of vitamin D. 

These include sun-exposed mushrooms, fatty fish like tuna, salmon, and 

sardines, and the oils from some fish's livers, such as cod [3]. 

Vitamin D insufficiency was linked to low milk consumption, central obesity, 

and non-use of vitamin D supplements, indicating potentially significant 

factors for preventative intervention [4]. Vitamin D is quite low across age 

groups in the Middle East region. 

Older age, feminine gender, multiparity, conservative attire, poor 

socioeconomic class, and urban life are all reliable indicators of low levels 

[5]. Prostate cancer was the most prevalent illness among males worldwide 

in 2018, while breast cancer was the most common cancer incidence among 

women [6]. In less developed nations, cancer presently accounts for 57% of 

cases and 65% of cancer-related deaths globally [7]. 

The most common symptom of cancer is fatigue, which is associated with 

substantial morbidity, functional impairments, and a worse quality of life 

(QOL). As a result, managing tiredness effectively will significantly lower 

the illness burden related to cancer and its therapies [8]. 

https://doi.org/10.61615/JMCHR/2026/APRIL027140404
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From the beginning of carcinogenesis to metastasis and interactions between 

cells and the milieu, vitamin D can control every stage of the process [9]. 

A lack of vitamin D raises the chance of getting cancer and dying from it [10], 

New studies point to vitamin D's possible role in stopping the spread of 

cancer and lowering its side effects, including arthralgia, muscular weakness, 

and bisphosphonate toxicity [11-14] [15-17] [18]. Thus, a lack of vitamin D 

is linked to several symptoms, such as discomfort and exhaustion. These 

signs are typical of advanced cancer [19], where normalization of vitamin D 

levels was shown to improve fatigue in advanced cancer patients [20]. 

Reduced intestinal calcium (Ca2+) absorption, increased parathyroid 

hormone (PTH) release, and accelerated bone resorption are all caused by 

low 25 (OH) D [21]. PTH is widely employed as a biomarker of classical 

vitamin D physiology in human clinical studies. According to certain cross-

sectional studies, there is a stronger correlation between PTH and 

bioavailable or free 25 (OH) D [22, 23]. Increased PTH preserves a normal 

blood Ca2+ content in vitamin D insufficiency at the skeleton's price [24]. 

Fatigue, discomfort, memory and concentration issues, irritability, 

melancholy, anxiety, and sleep issues are among the symptoms reported by 

patients with primary hyperparathyroidism (HPT) [25]. 

The primary aim of this study was to assess the relationship between Vitamin 

D deficiency and health-related quality-of-life issues, fatigue, and physical 

functioning in advanced cancer Egyptian patients. 

The secondary aim of this study was divided into two parts. The first part 

includes assessing the relationship between Vitamin D and PTH. In contrast, 

the second section examined the association between PTH and physical 

functioning, weariness, and health-related quality-of-life difficulties in 

Egyptian patients with advanced cancer. 

Subjects and Methods 

Subject Recruitment and Study Design 

There were 80 male and female subjects enrolled in this study; 22 of them 

were healthy volunteers without cancer, and they served as control subjects.  

The remaining 58 were adults who have locally advanced or metastatic 

cancer with an assessed life-expectancy of at least 4 weeks, a normal body 

mass index (BMI) level, and PPS > 30%.  

Serum samples from adults who had been enrolled in this study were 

collected from oncology outpatient clinics, Al Demerdash hospital, and Ain 

Shams University (ASU) under physician supervision.  

Exclusion criteria for advanced cancer Egyptian patients and normal control 

subjects included the following: a) History of Ca2+ or vitamin D supplements 

the last three months; b) Chronic renal and/or liver disease; c) Patients taking 

anticonvulsants, glucocorticoids or immunosuppressant drugs; d) Having 

received chemotherapy or radiation therapy within the last 3 weeks prior to 

inclusion to avoid their impact on fatigue; e) PPS < or = 30%; f) Patients with 

BMI < 18.5 or > 30. 

After the collection of blood samples and centrifugation, yielded serum was 

divided into 2 portions and kept in aliquots at -80ºC for subsequent use. 

Quantification of 25-Hydroxy Vitamin D Concentration in Advanced 

Cancer Egyptian Patients’ Serum using 25-Hydroxy Vitamin D Enzyme-

Linked Immunosorbent Assay Kit 

In the first portion, the blood vitamin D concentration was measured using 

the ELISA technique in compliance with the manufacturer's instructions 

using a commercially available kit from Bioassay Technology Laboratory 

(China) (Cat # E1981Hu) [26]. The absorbance unit optical density (OD) at 

450 nanometers (nm), recorded in a microplate reader, was plotted against 

concentration using the values derived from the standard to create a linear 

regression dose-response curve. This curve was used to calculate the samples' 

25 (OH) D concentration. 

Quantification of Intact Parathyroid Hormone Concentration in 

Advanced Cancer Egyptian Patients Using Parathyroid Hormone 

Enzyme-Linked Immunosorbent Assay Kit 

In the second section, a commercially available kit provided by IBL 

International GMBH (Germany) was used to measure the concentration of 

serum intact PTH using the ELISA technique in accordance with the 

manufacturer's instructions (Cat # NM59041) [27]. A 4-parameter logistical 

curve was created by graphing the following data: absorbance unit OD at 450 

nm, measured in a microplate reader, vs. concentration, calculated using the 

standard values. The concentration of PTH in the samples was measured 

using this curve. 

Assessment of Symptoms of Quality of Life In Advanced Cancer 

Egyptian Patients Through the European Organization for Research and 

Treatment of Cancer Quality of Life Palliative Care Questionnaire 

(EORTC QLQ-C15-PAL) Version 1 

It is a simplified 15-item version of the EORTC QLQ-C30 (version 3.0) 

designed for palliative care. Two strategies were employed to produce the 

EORTC QLQ-C15-PAL. The first technique included reducing multi-item 

scales using item response theory and building algorithms to score the smaller 

scales using the original response scale metric. The second strategy 

comprised interviewing patients and health care professionals to identify 

scales and/or individual items that were unsuitable or not highly relevant and 

hence may be removed. Algorithms are used to estimate the QLQ-C15-PAL 

scores for four shortened measures that measure physical functioning, 

emotional functioning, nausea and vomiting, and exhaustion [28]. In this 

study, we calculated raw scores for four domains of the questionnaire as 

follows (Raw score = total score of questions in each domain / no. of 

questions): Quality of life domain, Fatigue domain, Physical functioning 

domain, and Appetite loss domain. The questionnaire and its development, 

which was described in several references [29-32], is shown clearly in Table 

1 [33]. 
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Table 1: EORTC QLQ-C15-PAL (Version 1) Questionnaire 

We are interested in some things about you and your health. Please answer all of the questions yourself by circling the number that best applies to you. 

There are no "right" or "wrong" answers. The information that you provide will remain strictly confidential 

Please fill in your initials: 

Your birthdate (Day, Month, Year):                                             Today's date (Day, Month, Year): 

Question Not at all (1) A little (2) Quite a bit (3) Very much (4) 

1. Do you have any trouble taking a short walk outside of the house? 1 2 3 4 

2. Do you need to stay in bed or a chair during the day? 1 2 3 4 

3. Do you need help with eating, dressing, washing yourself, or using the toilet? 1 2 3 4 

During the past week: Not at all (1) A little (2) Quite a bit (3) Very much (4) 

4. Were you short of breath? 1 2 3 4 

5. Have you had pain? 1 2 3 4 

6. Have you had trouble sleeping? 1 2 3 4 

7. Have you felt weak? 1 2 3 4 

8. Have you lacked appetite? 1 2 3 4 

9. Have you felt nauseated? 1 2 3 4 

10. Have you been constipated? 1 2 3 4 

11. Were you tired? 1 2 3 4 

12. Did pain interfere with your daily activities? 1 2 3 4 

13. Did you feel tense? 1 2 3 4 

14. Did you feel depressed? 1 2 3 4 

For the following question, please circle the number between 1 and 7 that best applies to you 

15. How would you rate your overall quality of life during the past week? 1 – 7 (     )                       1: Poor         7: Excellent 

Assessment of Cancer-Related Fatigue in Advanced Cancer Egyptian 

Patients Through the Fatigue Subscale of the Functional Assessment of 

Chronic Illness Therapy (FACIT) Version 4 Palliative Care 

Questionnaire 

This is a widely used 13-item fatigue sub-scale where each item is a 5-point 

Likert self-reported scale ranging from 0=“not at all” to 4=“very much so.” 

The total score varies from 0=“worst condition” to 52 = “best condition” [34]. 

This is clearly shown in Table 2 [35]. All FACIT scales are assessed, and a 

high score indicates strong performance. To do this, response scores to 

negatively worded questions were inverted, and item responses were 

averaged. When individual questions are skipped, scores are judged using the 

average of the other responses on the scale [36].

Table 2: The FACIT (Version 4) Questionnaire 

Below is a list of statements that other people with your illness have said are important. 

Please circle or mark one number per line to indicate your response as it applies to the past 7 days 

Question Not at all (0) A little bit (1) Somewhat (2) Quite a bit (3) Very much (4) 

I feel fatigued 0 1 2 3 4 

I feel weak all over 0 1 2 3 4 

I feel listless (“washed out”) 0 1 2 3 4 

I feel tired 0 1 2 3 4 

I have trouble starting things because I am tired 0 1 2 3 4 

I have trouble finishing things because I am tired 0 1 2 3 4 

I have energy 0 1 2 3 4 

I am able to do my usual activities 0 1 2 3 4 

I need to sleep during the day 0 1 2 3 4 

I am too tired to eat 0 1 2 3 4 

I need help doing my usual activities 0 1 2 3 4 

I am frustrated by being too tired to do the things I want to do 0 1 2 3 4 

I have to limit my social activity because I am tired 0 1 2 3 4 

https://doi.org/10.61615/JMCHR/2026/APRIL027140404
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Calculation of Performance Scores for Advanced Cancer Egyptian 

Patients Through the Palliative Scale (PPS Performance) Version 2 

After assessing the patients' QOL using the EORTC QLQ-C15-PAL (version 

1) and the FACIT (version 4) questionnaires, PPS (version 2) was used to 

find a best-fit performance score for every subject. Several articles on the 

reliability and validity of the PPS have been published [37-42]. 

Statistical Analysis 

GraphPad prism® version 6.02 and Microsoft Excel 2016 were used for data 

analysis and chart development. Values were reported as mean ± SEM, 

median, interquartile range (IQR), and percentage. To assess the normal 

distribution pattern, the D'Agostino and Pearson omnibus normality tests 

were used on the data from the groups and subgroups. However, the data for 

serum vitamin D and PTH levels did not pass the normality test after 

subgrouping PPS percentages; the Kruskal-Wallis test was applied. 

Furthermore, the Mann-Whitney (U) tests were employed to identify 

significant differences in vitamin D and serum intact PTH levels in patients 

and healthy controls across groups and subgroups, where appropriate. 

Spearman's rho (r) was used to calculate the correlation between two 

variables. 

Results 

Serum Vitamin D Levels 

It was found that serum vitamin D levels were deficient in cancer patients 

[5.74(5.07), p˂0.0001] with statistically significant difference in comparison 

to age-matched control subjects [28.1(8.1), p˂0.0001] [31.9(43.9), as shown 

in Figure (1) and Table (3).

Figure 1: The Boxplot (Median and IQR) for the Serum Vitamin D Levels Among Cancer Patients and the Control Group 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3: Serum Vitamin D levels 

Serum Vitamin D N 

Range 

Mean SD Median (IQR) P 

Min Max 

Cancer patients 58 4.62 18.1 8.27 4.10 5.74 (5.07) <0.0001**** 

Control group 22 20.3 37.2 27.9 5.05 28.1 (8.1) <0.0001**** 

Serum Intact Parathyroid Hormone Levels 

It was found that serum intact PTH levels were elevated in cancer patients [82(21.7), p˂0.0001] with statistically significant difference in comparison to age-

matched control subjects [33.9(29.2), p˂0.0001], as shown in Figure (2) and Table (4). 

Figure 2: The Boxplot (Median and IQR) for the Serum Intact PTH Levels Among Cancer Patients and the Control Group 
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Table 4: Serum Intact PTH levels 

Serum PTH  N Range Mean SD Median (IQR) P 

Min Max 

Cancer patients 58 70.7 120 87.6 13.5 82 (21.7) <0.0001**** 

Control group 22 11.4 62.4 36.2 16.1 33.9 (29.2) <0.0001**** 

Correlations 

Serum vitamin D levels exhibited a substantial inverse correlation with serum intact PTH, as shown in Figure (3). On the other hand, it showed significant 

direct correlation with FACIT scores and PPS percentage, as shown in Figure (4) and Figure (5) respectively. 

Figure 3: Correlation Between Serum Vitamin D Level and Serum Intact PTH Level 
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Figure 4: Correlation Between Serum Vitamin D Level and FACIT Score 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Correlation Between Serum Vitamin D Level and PPS Percentage 
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Moreover, Figure (6) showed a direct correlation between vitamin D and QOL C15 PAL score and an inverse correlation between vitamin D and fatigue, 

physical dysfunctioning and appetite loss C15 PAL scores. 

Figure 6: Correlation between serum Vitamin D level and EORTC QLQ-C15-PAL different domains score (quality of life, fatigue, physical dysfunction, and 

appetite loss) 

 

 

 

 

 

 

 

 

 

 

 

 

Concerning serum intact PTH level, Figure (7) and Figure (8) showed significant inverse correlation with FACIT scores and PPS percentage, respectively. 

Furthermore, Figure (9) showed an inverse correlation between PTH and QOL C15 PAL score and a direct correlation between PTH and fatigue, physical 

dysfunctioning and appetite loss C15 PAL scores. 

Figure 7: Correlation Between Serum Intact PTH Level and FACIT Score 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Correlation Between Serum Intact PTH Level and PPS Percentage 
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Figure 9: Correlation between serum PTH level and EORTC QLQ-C15-PAL different domains score (quality of life, fatigue, physical dysfunction, and appetite 

loss) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Discussion

Due to increased awareness and acceptance, vitamin D's function has 

changed from that of a vitamin to that of a crucial hormone. Vitamin D 

insufficiency persists in most regions of the world and across most age 

groups, even though many nations have sufficient solar exposure. Reduced 

synthesis, decreased absorption, and enhanced catabolism are the causes of 

this [43]. 

Vitamin D uses its nuclear receptor VDR to start pathways that control a 

number of bodily functions, including myocyte development and 

proliferation [44]. According to recent research, vitamin D insufficiency is 

linked to a number of chronic illnesses, including cancer and cardiovascular 

disease [45, 46]. 

Through anti-inflammatory and antioxidant defenses as well as DNA damage 

repair activities, vitamin D has been shown to have a significant role in 

avoiding the tumor starting stage [9, 47]. According to a number of 

epidemiological, clinical, preclinical, and in vitro experimental findings, 

vitamin D signaling activation may be a viable preventative and therapeutic 

approach for several cancer types [9]. Growth suppression occurs when 

prostate, colon, breast, lung, and melanoma cancer cell lines are exposed to 

vitamin D3 in vitro, indicating a potential therapeutic function for vitamin D 

in cancer treatment, as well as a link between vitamin D deficiency and cancer 

risk and development [48]. 

As far as we know, this is the first research in Egypt and the Middle East to 

employ FACIT, EORTC C-15 PAL, and PPS scores to determine a link 

between vitamin D and PTH and fatigue symptoms and quality of life in 

advanced cancer patients. 

According to a recent case-control study on the impact of vitamin D on breast 

cancer in Ethiopian women, vitamin D insufficiency is more prevalent in 

Ethiopian women with breast cancer [49]. Another research on 88 males with 

histologically confirmed prostate cancer revealed that patients with prostate 

cancer had worse vitamin D status than control non-cancerous individuals, as 

seen by significantly lower levels of total 25 (OH) D and bioavailable 25 

(OH) D [50]. Vitamin D insufficiency was prevalent among American cancer 

patients with old solid tumors, according to another retrospective cohort 

research [51]. 

These findings worked in alignment with our study, where Figure (1) 

revealed statistically significant vitamin D deficiency with levels < 20 ng/ml 

in advanced cancer Egyptian subjects compared to age-matched healthy 

controls. 

Another finding in our study was that PTH showed statistically significant 

elevation in advanced cancer Egyptian patients compared to age-matched 

healthy control subjects. The study of cancer patients revealed a substantial 

negative association between a drop in vitamin D levels and an increase in 

PTH levels, as shown in Figure (2) and Figure (3) respectively. These 

results dovetail with the early published data that associated increased PTH 

with vitamin D deficiency, and hence maintaining a normal serum Ca2+ 

concentration at the expense of the skeleton [24]. 

According to a recent study, vitamin D supplementation was linked to greater 

levels of self-reported health-related QOL and may help women with breast 

cancer avoid recurrence, extend life, and enhance their mood [52]. Another 

study on women with a history of invasive breast cancer between the ages of 

50 and 80 revealed that vitamin D usage after diagnosis was linked to a lower 

death rate from breast cancer [53]. Additionally, there is mounting evidence 

that vitamin D supplementation may enhance quality of life and lessen 

depressed symptoms [54, 55]. A recent study of published randomized 

clinical trials (RCTs) found that vitamin D supplementation significantly 

lowered the mean pain score in cancer patients with chronic pain when 

compared to placebo medication [56]. 

The idea that a large percentage of patients with advanced cancer in palliative 

care have vitamin D deficiency, or 25(OH)D<20ng/mL, and that there is a 

relationship between serum vitamin D levels and the patient's self-assessment 

of QOL as well as the patient's ability to perform daily activities, stems from 

the significant fatigue, physical, and functional disability in these patients, as 
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well as the very few therapeutic measures readily available to reduce them 

[30]. For example, individuals with breast cancer who had greater blood 

25(OH) D concentrations also had reduced death rates; patients with the 

greatest concentration of 25(OH) D had around half the death rate of those 

with the lowest concentration [57]. Similar associations were found in our 

study, where vitamin D showed positive correlation with fatigue score, QOL-

C15 PAL domain score, and performance level percentage, and showed 

negative correlation with fatigue, physical dysfunction, and appetite loss C15 

PAL domain scores as shown in Figure (4), Figure (5) and Figure (6) 

respectively. 

On the contrary, PTH showed a negative correlation with fatigue score, QOL-

C15 PAL domain score, and performance level percentage, and showed a 

positive correlation with fatigue, physical dysfunction, and appetite loss C15 

PAL domain scores as shown in Figure (7), Figure (8) and Figure (9), 

respectively. 

Conclusion 

Egyptian patients with advanced cancer frequently had low vitamin D levels, 

which were linked to severe tiredness symptoms, poor performance, and a 

terrible quality of life. There was an inverse relationship between serum intact 

PTH levels and serum vitamin D levels. Egyptian patients with advanced 

cancer frequently had high PTH levels, which were associated with severe 

tiredness symptoms, poor performance, and a negative quality of life. This 

indicates that vitamin D insufficiency plays a critical role in the decline of 

quality of life and the aggravation of tiredness in Egyptian patients with 

advanced cancer; normalization of vitamin D levels has been demonstrated 

to alleviate fatigue in these patients [20]. 
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Abbreviations 

25 (OH) D 25-hydroxy vitamin D 

ASU Ain Shams University 

BMI Body Mass Index 

Ca2+ Calcium 

ELISA Enzyme-Linked Immunosorbent Assay 

EORTC-QLQ-C15 

PAL 

European Organization for Research and 

Treatment of Cancer Quality of Life 

palliative care Questionnaire 

FACIT 
Functional Assessment of Chronic Illness 

Therapy 

HPT Hyperparathyroidism 

IQR Interquartile range 

nM Nanomolar 

OD Optical density 

PPS Palliative Performance Scale 

PTH Parathyroid Hormone 

QOL Quality of Life 

RCTs Randomized clinical trials 

Vitamin D3 Cholecalciferol 
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