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Background and Aims: There has been a rising concern regarding the relationship of iron 
levels, vitamin D, and consumption of multivitamins on pain perception and sleep quality. The 
purpose of this study is to shed light on these connections in hopes of enhancing quality of sleep.
Methods: A cross-sectional analysis was used, and data collection was based on close- 
ended online questionnaire created on Survey Monkey. The survey included an operator 
designed questionnaire, questions from both the Brief Pain Inventory and Sleep Quality 
questionnaires. The targeted population was participants who were medically fit, non- 
pregnant Saudi citizens aged between 25 and 55 years.
Results: Prior to the COVID-19 crisis, data were collected during the months of February 
and March 2020, with a grand total of 3127 participants, out of which 2774 responses were 
included. The outcome of the research revealed that diminished levels of vitamin D, and iron 
had a negative impact on sleep quality. In turn, poor sleep quality had a significant pain 
response.
Conclusion: This study reveals the detrimental role of vitamins on sleep, and their con-
current domino effect on pain.
Keywords: daylight, iron, pain, sleep quality, vitamin D

Introduction
Sleep is taking the world by storm. Sleep medicine took a leap forward in the early 
2000s. Many conditions were discovered and found to be quite common in the 
general population.1 Sleep quality per se is related to an individual's subjective 
feeling of energy and activity to take on the challenges of a new day.2

According to the national sleep foundation, one's need for sleep varies depend-
ing on age and gender. The circadian clock controls the daily sleep–wake cycle. 
Disturbance to this during stressful work schedules, work- or school-related dead-
lines, jet lag, and other environmental factors cause a tip in the balance, ultimately 
affecting one's health.3

In 1948, health as described by the World Health Organization was “a state of 
complete physical, mental and social well being and not merely the absence of 
disease or infirmity”.4 There is a plethora of evidence documenting the adverse 
effects to health in response to poor sleep.5–7

In recent years, we have found a correlation between the levels of vitamin 
D and iron on the quality of sleep.8 Unlike other vitamins, vitamin D is fat 
soluble and can be absorbed from diet or ultraviolet-B (UVB) radiation. A known 
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indicator for vitamin D status in the body is the 25- 
hydroxyvitamin D (25(OH)D), which varies according 
to factors such as sunlight exposure, skin color and life-
style. Vitamin D receptors are located in areas of the 
brain that regulate the sleep–wake cycle such as the 
hypothalamus. Various observational studies have 
proven an association between sleep disorders and vita-
min D deficiency. According to the Epworth Sleepiness 
Scale (EES), an instrument for measuring excessive day-
time sleepiness, McCarty et al observed that patients 
with vitamin D deficiency scored higher.9 In addition, 
epidemiological data confirms that optimal vitamin 
D intake from the diet was associated with longer sleep 
duration and maintenance of sleep.5

Vitamin D deficiency occurs when serum 25(OH)D is 
lower than 25 nmol/. This deficiency is prevalent in the 
East including the Middle East, India and the Far East 
such as China and Mongolia. Those at risk of vitamin 
D deficiency are those born with low birth weight, adoles-
cents and pregnant women. Prevention is the best method 
to overcoming vitamin D deficiency by raising awareness 
and implementing supplementation in the diet such as in 
food staples like bread and milk. Furthermore, absorption 
of vitamin D can occur naturally from moderate sunlight 
exposure and consumption of fish or systemically from 
various vitamin D supplements.10

The deficiency of vitamin D is an international health 
issue and insufficient exposure to sunlight is the primary 
cause. Vitamin D has an effect on various systems of the 
body and there’s a receptor for it in every cell in the 
body. Vitamin D works as a hormone not like other 
vitamins. Different types of food contain vitamin D, 
such as fortified dairy products and fatty fish, but sun-
light is the primary source of vitamin D. Vitamin 
D deficiency is high in geriatrics and females from the 
Middle East. Factors such as darker skin color, staying 
indoors, being obese, low consumption of fish and milk 
products, and kidney or liver diseases are common risk 
factors related to vitamin D deficiency. Severe vitamin 
D deficiency could lead to several complications 
amongst which are body aches, fatigue, myopathy, 
increased risk of prostate cancer, schizophrenia and car-
diovascular disease, to name just a few.11

Iron deficiency is considered to be accountable for 
anemia that affects more than 2 billion people. 
Alterations in iron levels have a significant effect on the 
developing individual as they may interfere with their 

sleep–wake patterns as well as cognitive, motor and socio-
emotional development.12

Iron is known to have an important role in metaboliz-
ing monoamines in the brain; therefore, decreased 
levels of iron may lead to symptoms such as passiveness, 
lethargy, impatience and negligence. An individual with 
iron deficiency may incorporate behavioral and emotional 
traits of individuals with depression.

A valid specific test for iron deficiency is serum ferritin 
levels in the blood. Due to the importance of iron in the 
metabolism of monoamines, and the effect of these mono-
amines on sleep, sleep quality and patterns are known to 
be affected by iron deficiency.13,14

The physiologic ageing process, together with the 
elderly’s stringent diet (iron-poor food) due to their health 
conditions and their immobility (less vitamin D exposure), is 
more likely to make elderly adults fall victim to disturbed 
sleep as compared to the younger adult population.15 It is no 
wonder they are “the ailing population”.

Hence, the greater the pain an individual suffers, the 
greater the detrimental effect on both sleep and overall 
quality of life.11

Even though Saudi Arabia has a sunny environment 
throughout the year, the majority of Saudis suffer from 
vitamin D deficiency. The culture and tradition of Saudi 
Arabians is to dress in the traditional clothing style that 
covers almost the entire body, in addition to an afternoon 
siesta and mostly indoor activities and nocturnal hours all 
aimed at avoiding the sun and heat.16

It is pertinent to note that pain adversely affects sleep. 
It interrupts one's sleep architecture thus impeding the 
overall sleep replenishment in patients already at 
a disadvantage from an underlying sleep disorder. 
Cognition is only one dimension that is affected in acute 
sleep disorders; there is also a chronic summative effect of 
sleep deprivation including and not limited to metabolic 
syndrome, dementia, diabetes and hypertension, amongst 
others. Therefore for pain to be assessed and addressed, 
the patient needs to be educated in recognizing the impact 
of their poor sleep on their overall wellbeing.17

This is corroborated by a recent study of 172 middle 
age adults that showed an increased risk of Type II dia-
betes and cardiovascular disease in those subjects identi-
fied as night owls (evening chronotype).18

A systematic review of 29 studies looked at parameters 
of diet quality, dietary patterns and and sleep quality 
according to self report and objective records. The results 
showed a clear association between healthy food 
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consumption and improved quality of sleep. Diet-related 
variables determined sleep quality.19

In a recent review, some studies showed an association 
between obesity and sleep disturbances; obesity increased 
the risk of sleep disturbance. The latter affects diet and diet 
affects the duration and quality of sleep disturbance. 
Hence, nutrition not only helps in improving obesity but 
can also improve sleep.20

The aim of our study is to find the correlation between 
diminished levels of vitamin D and iron on general pain as 
well as quality of sleep among healthy Saudi citizens aged 
between 25 and 55 years of age.

Methods
Design
This is a cross-sectional study, which utilized a closed- 
ended online questionnaire. Survey Monkey was used to 
design the survey.

Study Population
The study was open for all participants, male and female 
subjects, between the ages of 25 and 55 years, medically 
fit and non-pregnant.

Only participants who willingly agreed to complete the 
entire survey were included. Anonymity of participants 
was guaranteed. Any survey data that was incomplete 
was not included.

Ethical Statement
The study followed the Declaration of Helsinki guidelines 
and was approved by the Institutional Review Board of 
Riyadh Elm University, with approval number: FRP/2020/ 
209/117/122. Each of the subjects was informed about the 
purpose of the study prior to participation. The only link 
that can identify participants was via the consent form, 
which was coded to guarantee privacy.

Data Collection
Data was collected during the months of February and 
March 2020 before the COVID-19 crisis and attained 
a convenient sample of 3127 responses from participants; 
only 88.7% of that total number was included (n = 2774) 
due to missing responses.

Instruments
1. A 10-item Operator Designed Questionnaire, which 
included questions about age, gender, social status, 

nationality, job title, amount of time in the sunlight daily, 
blood donations in past 6 months, daily intake of multi-
vitamins, iron and vitamin D supplements (Figure 1).

2. A 9-item Sleep Quality Questionnaire21 (Figure 2),
5 answers to which were collected on a 5-point interval 

scale, 4 on a 5-point ordinal scale.
3. A 9-item Brief Pain Inventory Questionnaire22 

(Figure 3), answers to 
6 of which were collected on a 10-point ratio scale, 1 

was a shaded area on a human representative diagram, 1 
was a 2-point nominal scale, 1 was a 3-point ordinal scale.

Data Analysis
The data was analyzed using Statistical Package for the 
Social Sciences (SPSS, Version 21, and SPSS Inc., 
Chicago, IL, USA) software for Windows to analyze and 
attain Pearson’s correlations and Cronbach's alphas, 
amongst others. Statistical Significance was set at 
p ≤0.05. The power of the sample of our research was 
0.87 (n = 2774), which meant that the majority of the 
results were statistically significant.

Results
The Cronbach's alpha coefficient exceeded 0.7, which 
implied that the questionnaire was reliable for use in 
further research.

Responses were collected predominantly from females 
91.4% (n = 2570), in the younger age group of 25 to 30 
years; 75.6% (n = 2096). The majority of participants were 
single 69.8% (n = 1968) and 73.6% (n = 2072) claimed to 
have spent less than 30 minutes a day under the sun (Table 1).

Furthermore, only 3% of the total sample (n = 86) had 
donated blood in the past 6 months. Multivitamin intake was 
less than three-quarters of the participants (19.4%, n = 547) 
and vitamin D supplements was even less (11%, n = 310) 
but was close to iron intake (12.1%, n = 341) (Table 1).

Pearson’s correlations showed a significant positive 
correlation between sleep quality and intake of iron sup-
plements (p-value: 0.017) (Table 2).

Pearson’s correlations showed a significant positive 
correlation between quality of sleep and time spent in 
daylight (p-value: 0.009) (Table 2).

There was no significant correlation between iron sup-
plement intake and any pain perception (p-value 0.136) 
(Table 3).

There was no significant correlation between vitamin 
D and any pain perception (p-value: 0.463) (Table 3).
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There is a negative correlation between quality of sleep 
and any kind of pain, which is statistically significant 
(p-value: 0.000) (Table 4).

Discussion
Primary Outcome Measures
There was a significant positive correlation between iron 
intake and sleep quality, bearing in mind that only 12.1% 
(n = 341) of the total N = 2816 participants actually took 
iron supplements.

Furthermore, around 19.4% (n = 547) of the total N = 
2816 participants claimed to take multivitamins and 
a mere 3% (n = 86) had donated blood in the past 6 
months.

Our study shows a significantl positive correlation 
between sleep quality and iron supplement intake 
(p <0.17). A deficiency in iron has an effect on sleep 
quality, quantity and timing; iron also affects the modula-
tion of REM sleep. Furthermore, it is reported that iron 
plays an important role in the myelination of neurons in 
addition to being a cofactor with tyrosine hydroxylase, 
which is an integral part of the function of dopamine D2 
receptors.13 Findings of one randomized controlled trial 
showed statistically significant findings supporting the 
benefits of iron supplementation to sleep, overall well-
being and restless leg syndrome.23

There was a significant positive correlation between 
time spent in the sun and quality of sleep, noting that the 
majority (73.6%, n = 2072) of the total N = 2816 partici-
pants spent no more than 30 minutes or less a day in the 
sun. Only an alarming 2.5% (n = 73) spent 2 or more hours 
a day, as is the recommended time in our part of the world.

In regards to the integral part of sunlight in vitamin 
D production, a question regarding sunlight exposure, as 
73.6% of respondents reported spending 30 minutes or less 
in sunlight, this could be related to in-office nature of 
work. Furthermore, a significant positive correlation 
between time spent in daylight and improved sleep quality 
was found in our research. This finding is supported by 
a Korean study which reported shorter sleep duration in 
association with lower vitamin D status in the elderly.24

A significant positive correlation between the intake of 
vitamin D supplements and good sleep quality was noted 
(p <0.054). This is supported by a 2018 study, a meta- 
analysis that reported low serum 25(OH)D could very well 
be a risk factor for unhealthy sleep and sleep disorders, as 
the sleep–wake cycle is regulated by vitamin D receptors 
that are distributed in the hypothalamus, prefrontal cortex, 
midbrain central gray, substantia nigra and raphe nuclei.25 

Additionally a further study relates low levels of vitamin 
D to fragmented sleep and poor sleep quality.26

Figure 1 Operator Designed Questionnaire.
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Figure 2 Continue.
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Figure 2 Sleep Quality Questionnaire. 
Notes: Reproduced from: Huffington A. The Sleep Revolution: Transforming your life, one night at a time. London: WH Allen; 2016.21 Copyright © Arianna Huffington 2016.
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Figure 3 Continue.
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Figure 3 Brief Pain Inventory Questionnaire. 
Notes: Reproduced from: Cleeland CS, Ryan KM. Pain Assessment: Global use of the Brief Pain Inventory. Annals, Academy of Medicine, Singapore. 1994;23(2):129–138.22 

Copyright1991, Charles S. Cleeland, PhD; Pain Research Group; All rights reserved.
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As far as multivitamin intake is concerned, statistically 
significant differences (p <0.036) were found when the 
participants were asked to rate the quality of their sleep. It 
was shown that individuals who did not intake multivitamins 
are more inclined to rate their sleep as poor or very poor. 
There were no statistically significant differences when these 
results were compared with iron supplement intake or vita-
min D supplement intake. It was also established that the 
significant incidences with quality of sleep existed 
with multivitamins alone (p <0.002); all other relationships 
were insignificant. However, an exploratory study on vita-
min intake and sleep claims otherwise.27 A metanalysis 
of vitamin D deficiency showed a significantly heightened 
odds risk of a sleep disorder.25

Secondary Outcome Measures
Surprisingly, in this particular cohort, there was no signif-
icant correlation between iron supplement intake and any 
pain perception (p-value: 0.136). Furthermore, there was 
no significant correlation between vitamin D and any pain 
perception (p-value: 0.463).

Interestingly, and not surprisingly, there was a negative 
correlation between quality of sleep and any kind of pain, 
which was statistically significant (p-value: 0.000). That is, 
sleep quality improves in the absence of pain. A study on 
fibromyalgia patients reported that the efficacy of inhibi-
tory conditioned pain modulation (ICPM) is significantly 
correlated with poor sleep and it has an effect on sleep 
effectiveness.28

Table 2 Correlations of Quality of Sleep, Iron, Multivitamins, and Time in Sunlight

Quality of Sleep Multivitamins Iron Supplements Time in Sunight

Pearson correlation Quality of sleep 1.000 0.054 0.017 0.009
Multivitamins 0.054 1.000 0.409 0.030

Iron supplements 0.017 0.409 1.000 0.011
Time in sunlight 0.009 0.030 0.011 1.000

Sig. (1-tailed) Quality of sleep 0.002 0.190 0.318
Multivitamins 0.002 0.000 0.054

Iron supplements 0.190 0.000 0.278
Time in sunlight 0.318 0.054 0.278

N Quality of sleep 2795 2795 2795 2795
Multivitamins 2795 2795 2795 2795

Iron supplements 2795 2795 2795 2795

Time in sunlight 2795 2795 2795 2795

Notes: This table shows a significant positive correlation between quality of sleep with iron supplement intake (p-value: 0.017) and time spent in daylight (p-value: 0.009), 
multivitamins with time spent in daylight (p-value: 0.030) and taking iron supplements with time spent in daylight (p-value: 0.011).

Table 1 Background Characteristics of the Cohort

Sample Characteristics n %

Age
25–30 2096 75.6

31–40 305 11.0

41–50 283 10.2
55 90 3.2

Total 2774 100.0

Donated blood in past 6 months

Yes 86 3.0
No 2736 97.0

Total 2822 100.0

Multivitamin intake

Yes 547 19.4

No 2270 80.6
Total 2817 100.0

Vitamin D supplements
Yes 310 89.0

No 510 11.0

Total 2820 100.0

Iron supplements

Yes 341 12.1
No 2475 87.9

Total 2816 100.0

Time in the sun

Less than 30 minutes 2272 73.05

Between 30 minutes and 1 hour 620 19.94
Between 1 hour and 2 hours 175 5.63

More than 2 hours 84 2.7

Total 3110 100.0
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Results as Related to Prior 
Hypothesis
The aims and objectives of this study were to determine 
whether there exists an association in reported levels of 
iron as well as vitamin D on a person's reported quality of 
sleep and perception of pain. As per the Results section, 
our data indeed support that both iron and vitamin 
D independently provide better quality of sleep. On the 
other hand, in this particular cohort, there was no signifi-
cant effect of iron and vitamin D on perception of pain.

Strengths and Limitations of the 
Study
There is a thirst for studies on iron and vitamin D levels on 
sleep and pain quality in a part of the world where deficiency 
is a huge problem. The lack of awareness and knowledge of 
the relevance of these most basic of minerals and vitamins 
on one's overall health, in this case sleep and pain, fueled our 
interest to pursue this research. This research provides 
a front-row seat to witness the amount of damage and 
harm that the deficiency of these culprits may have.

Most studies that have been conducted in the Middle 
East are sparse and are in relation to restless leg syndrome. 

There is no study to our knowledge that looked solely at 
quality of sleep and pain perception. Furthermore, our 
study uses the validated Sleep Quality Questionnaire21 to 
assess sleep and the Brief Pain Inventory Questionnaire22 

to assess pain.
There is a scant amount of studies, mainly on vitamin 

D and restless leg syndrome, on obesity and not nearly enough 
to do justice to their foundational role. The limitation of this 
study is the self-report on both intake in terms of iron and 
vitamin D and response in terms of sleep and pain. 
Furthermore, there is no adequate display of female and 
male participants since the majority of respondents were 
female (91.4%) and only 8.6% were male; therefore the 
effects of vitamin D and iron levels on gender cannot be 
predicted.

However, the strength of this study lies in its numbers. 
Since this was a survey type of study, the strength was in 
numbers of participants and their self-report, not to mention 
the 2 validated questionnaires assessing sleep and pain. We 
need to keep in mind that findings from our study might 
contradict findings of other studies with different patient 
selection and methodologies.

Interpretations and Implications in the 
Context of Totality of Evidence
Iron cofactors with tyrosine hydroxylase, which is integral 
for D2 receptor function.

D2 receptor function is important in sleep. D2 receptor 
availability helps with wakefulness; that is, a decrease in 
D2 receptors is associated with sleepiness.

Table 4 Correlation Between Variables of Interest

Quality of Sleep Any Kind of Pain

Quality of sleep 1 −0.16*
Any kind of pain −0.16* 1

Note: *Correlation is significant at the 0.01 level (2-tailed).

Table 3 Correlations of Any of Kind of Pain, Iron, Multivitamins, and Time in Sunlight

Any Kind of Pain Multivitamins Iron Supplements Time in Sunight

Pearson correlation Any kind of pain 1.000 −0.015 −0.021 −0.002
Multivitamins −0.015 1.000 0.412 0.030

Iron supplements −0.021 0.412 1.000 0.012
Time in sunlight −0.002 0.030 0.012 1.000

Sig. (1-tailed) Any kind of pain 0.208 0.136 0.463
Multivitamins 0.208 0.000 0.057

Iron supplements 0.136 0.000 0.258
Time in sunlight 0.463 0.057 0.258

N Any kind of pain 2789 2789 2789 2789
Multivitamins 2789 2789 2789 2789

Iron supplements 2789 2789 2789 2789

Time in sunlight 2789 2789 2789 2789

Notes: Table 3This table shows a significant positive correlation between multivitamins and iron supplements (p-value: 0.000), whereas all other correlations were not 
statistically significant.
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The lack of the dopamine transporter gene 
increases wakefulness; similarly, lacking the D2 receptor 
decreases wakefulness (increases sleep).29

Moreover, iron deficiency causes long-lasting changes 
in the temporal framework of sleep patterns, which have 
a negative effect on a person's overall health.12

In a study conducted in Turkey, an area of the world in 
close proximity to the Middle East, there was a significant 
role of iron deficiency anemia on sleep quality. Around 
68% (n = 70) of the total (N =104) patients with iron 
deficiency anemia exhibited a form of sleep 
impairment.13 These same participants had significant 
sleep problems and more than double the controls had 
reported bad sleep quality (n = 70 case, n = 32, respec-
tively) and this was statistically significant (p <0.001). 
This was evaluated using the Pittsburgh Sleep Quality 
Index (PSQI). Furthermore, the sleep latency, habitual 
sleep efficiency, sleep disturbance, general dysfunction, 
and total sleep disorder scores between cases of iron 
deficiency and controls had statistically significant differ-
ences, with negative effects on the former.

This is similar to the results of our study: those who 
did not report iron supplement intake also reported poorer 
quality of sleep than their iron supplement counterparts.

A recent metaanalysis of vitamin D deficiency and sleep 
disorders showed astounding effects. Those with vitamin 
D deficiency were 1.5 times more likely to have a sleep 
disorder; poorer sleep quality (OR: 1.59), shorter sleep dura-
tion (OR: 1.74), and increased sleepiness (OR: 1.36).25

A further testimony in the literature, a double-blind 
clinical study conducted in Tehran on patients with sleep 
disorders, showed a remarkable improvement in both sleep 
quality and duration after a mere 8 weeks of vitamin 
D supplementation (50,000 IU every 2 weeks).30

The negative correlation found in our study between 
sleep quality and pain is evidenced in a metaanalysis of 
nearly 5902 participants with a 2- and 5-year follow up 
that demonstrated persistent poor sleep and increased 
reports of pain in 66% of those participants.31

Controversies Raised by This Study
Iron deficiency is a most serious global health concern that 
affects around a third of the world's population.32

There are no studies found in the literature showing 
a direct relationship between iron deficiency and pain 
per se. We hypothesized that, since iron deficiency affects 
sleep patterns, then in turn, pain perception would be 
heightened.33

Furthermore, there is solid evidence of long-term 
effects of iron deficiency at infancy continuing into adult-
hood along with all the abnormalities be they demyelina-
tion and/or sleep disturbance, amongst others.34

Our study found no statistical significance between low 
iron levels and heightened reports of pain perception.

Prevalence of vitamin D deficiency is at its highest in 
Saudi Arabia in females of child-bearing age, in relevance 
to other countries within the Middle East.35

One would assume that report of pain would be sig-
nificant in our study; however, there was no such effect, 
despite the many studies that show a relationship between 
vitamin D deficiency and pain.25

We must bear in mind that our study is conducted in 
a different population, it was a survey and most of the 
participants were young and healthy. However, the litera-
ture is laced with concrete evidence between vitamin 
D deficiency and pain. There is a definite link between 
depleted levels of vitamin D and pain, since pain is 
affected by sleep and sleep is affected by vitamin D.36 

There are inflammatory markers associated with pain and 
sleep deprivation, such as IL-6.37 Low vitamin D and IL-6 
are found in patients suffering from obstructive sleep 
apnea.38

Our correlation between quality of sleep and any kind 
of pain was a significant negative correlation meaning that 
as reports of sleep quality become poor, the report of pain 
becomes higher.

Future Research Directions
This study was conducted to determine the association of 
self-reported iron and vitamin D levels with sleep quality 
and pain perception.

Corroboration of this study's results should be tested 
using a similar population with equal distribution of males 
and females, randomly selected, with additional tests that 
are objectively documenting their iron and vitamin 
D levels, together with their sleep and pain status.

Conclusion
To conclude, our study corroborates the current research 
identifying a significant correlation between reports of iron 
and vitamin D levels on sleep quality. We assumed that poor 
sleep would in turn lower one's threshold to pain. This was 
a significant correlation in our study; however, the deficiency 
independently in each of iron and vitamin D had no such 
effect on pain. This might be due to our population which 
was relatively young (25–30) and age is an important factor 
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that plays a pivotal role in pain perception, especially when 
sleep is involved. The world today is plagued by a fast-paced 
life, with hours of screen time and diminished time in the 
outdoors where key elements essential for a healthy life are 
being overlooked, the most basic of which is sunlight.

Recommendation
Many factors mediate one's quality of sleep, including but 
not limited to the amount of vitamin D obtained from 
sunlight, consumption of multivitamins, vitamin D and 
iron supplements. Additionally, there is a multimode effect 
of poor sleep, which in turn lowers the pain threshold thus 
increasing one's sensitivity to and awareness of pain in an 
otherwise healthy individual. As health care professionals, 
addressing our patients as a whole entity and their quality 
of life may have a direct impact on the amount of pre-
scription drugs dispensed and procedures set.
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