
High prevalence of low dairy calcium intake and association
with insomnia, anxiety, depression and musculoskeletal pain
in university students from Jordan

Mohammad J Alkhatatbeh1,*, Hala N Khwaileh2 and Khalid K Abdul-Razzak1
1Department of Clinical Pharmacy, Faculty of Pharmacy, Jordan University of Science and Technology, Irbid 22110,
Jordan: 2Department of Nutrition and Food Technology, Faculty of Agriculture, Jordan University of Science and
Technology, Irbid, Jordan

Submitted 9 March 2020: Final revision received 14 July 2020: Accepted 20 July 2020: First published online 24 August 2020

Abstract
Objective: To assess dairy Ca intake and investigate its relationship with insomnia
and other common co-morbidities including anxiety, depression andmusculoskel-
etal pain (MSP) among university students.
Design: Cross-sectional study.
Setting: University, Irbid, Jordan.
Participants: Male and female individuals (n 1000), aged 20·87 ± 2·69 years.
Results: Low dairy Ca intake (<1000 mg/d) was reported by 96·5 % of participants,
and moderate to severe insomnia reported by 15·6 % of participants. Abnormal
anxiety and depression scores were reported by 26·2 and 18·0 % of participants,
respectively. MSP was reported by 42·9 % of participants. Participants with
moderate to severe insomnia had lower dairy Ca, higher anxiety and depression
scores and higher measures of MSP compared to participants with no insomnia
(P-values< 0·05). Dairy Ca was weakly inversely correlated with Insomnia
Severity Index (ISI) score, depression score and measures of MSP (P-values <
0·05). Regression analysis indicated that insomnia was predicted by low dairy
Ca, anxiety, depression, MSP and smoking (P-values< 0·05). Both anxiety and
depression were predicted by increased ISI score (P-values< 0·05), while depres-
sion alone was predicted by low dairy Ca (P-value< 0·01). MSP was predicted by
increased ISI and anxiety scores (P-values < 0·05).
Conclusions: Low dairy Ca was highly prevalent and associated with insomnia and
depression among university students. Individuals should be advised to increase
dietary Ca intake to achieve the recommended daily amount. Further research is
required to investigate a potential causal relationship between low Ca and both
insomnia and its related co-morbidities.
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Insomnia is a type of sleep disorder that is characterised
by difficulty in sleep initiation or maintenance at night
and is usually accompanied by daytime symptoms
such as fatigue, sleepiness, irritability and loss of concen-
tration(1). Transient insomnia occurs at a rate of approx-
imately 30 % among adults,(2) while chronic insomnia is
reported in approximately ~10–30 % of adults and more
common in those who are divorced or widowed, elderly,
female or suffer from psychiatric or medical diseases(2,3).
Chronic insomnia may adversely affect daily functioning
and if prolongedmay be associated with increased risk of
deleterious health conditions including obesity, diabetes
mellitus, hypertension and other CVD(4,5).

There is evidence to suggest that increased dietary Ca
intake, which is mainly obtained from dairy products(6), is
associatedwith improvedquality of sleep and reduced insom-
nia(7,8). Total plasma Ca was found to be directly related to
sleep as a diurnal variation in its concentration was detected
during normal sleep(9). In addition, brain Ca is proposed to
have a role in regulating the duration of sleep inmammals(10).
The effect of dairy products on sleep could also be due to
their content of tryptophan,(11) as Ca is involved in producing
melatonin, the sleep-inducing neurosecretory hormone, from
tryptophan in the brain(8).

Because Ca is necessary for proper musculoskeletal
function(12), low plasma Ca levels are usually associated
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with paresthesia in extremities, fatigue and muscle cramps
and spasms that can be very painful(13). These symptoms
may lead to some psychiatric conditions including anxiety
and depression, which can also be present due to hypocal-
caemia itself(13). Our previous work showed independent
associations between non-cardiac musculoskeletal pain
(MSP) and anxiety, as well as between anxiety and low
dietary Ca intake, suggesting that anxiety and MSP could
be associated with low plasma Ca levels(14). MSP may
also be associated with insomnia and the two conditions
could co-occur with each of them increasing the risk of
the other(15). In addition, several studies have reported
a high co-morbidity between insomnia, anxiety and
depression(16–19).

The aim of the current study was to assess dairy Ca
intake and its relationship to insomnia and other common
co-morbidities including anxiety, depression and MSP in
Jordanian university students whose academic achieve-
ment is often negatively impacted by these conditions. In
Jordan, dietary Ca is mainly obtained from dairy products
that are available in the Jordanian market including cheese,
yogurt, milk and labanah. These types of food are very
popular and rich in Ca(14,20). We hypothesised that low
dairy Ca intake is highly prevalent in this population and
is associated with insomnia, anxiety, depression and
MSP. Understanding the relationship between Ca intake
and these common ailments may be effective in improv-
ing insomnia and psychological symptoms in the study
population.

Materials and methods

Study design and participants
A single institution questionnaire-based cross-sectional
study was conducted between September 2019 and January
2020 at Jordan University of Science and Technology, Irbid,
Jordan. The study sample consisted of 1000 enrolled under-
graduate students recruited from all schools of the university.
Participants were divided into two groups: ‘medical students’
whowere specialising inmedicine, dentistry, pharmacy, nurs-
ing or applied medical sciences and ‘non-medical students’
who were specialising in engineering, computer sciences,
science and art, agriculture or architecture and design. The
study procedure was ethically approved by the Institutional
Review Board of the university. Written informed consent
was obtained from all participants before they personally
completed the questionnaires. A research assistant was avail-
able to clarify any inquiries from the participants.

Data collection
Self-reported data collection included: age, height, weight,
marital status, college, academic level, smoking, number of
family members, family income, exercise, as well as history
of medical illness (including psychological illnesses) and

Ca supplementation during the previous month. BMI was
calculated from weight and height in kg/m2.

Assessment of daily dairy calcium intake
Participants were asked to report the daily frequency and
type of dairy product consumed including cheese, yogurt,
milk and labanah as previously described(14,20). These
are the most common dairy products available in the
Jordanian market and they represent the major sources
of dietary Ca in this population(14,20). Frequency of dairy
intake was defined as 0, 1, 2, 3 or more servings/d,(14,20)

where a single servewas defined as: 1 ounce of cream cheese
(20mg Ca), 1 ounce of cheddar cheese (162mg Ca), one cup
(240ml) of milk or yogurt (300mg Ca) and two tablespoons
(2 oz) of labanah (100mg Ca)(14,20). Daily Ca intake was then
calculated in mg/d. None of the participants reported intake
of Ca supplements.

Assessment of insomnia and its severity
Insomnia was assessed using an Arabic version of the well-
validated Insomnia Severity Index (ISI)(21) that was previ-
ously translated from English to Arabic using the standard
forward-backward translationmethod(22). The Arabic trans-
lation was also pilot tested on thirty undergraduate univer-
sity students whowere not participants in the current study.
The ISI is a self-administered seven question survey that
measures severity of insomnia experienced over the pre-
vious 2 weeks. The first three questions assess the difficulty
in falling asleep, difficulty in staying asleep and problems
with waking up prematurely. The remaining four questions
assess how the subject’s satisfactionwith their current sleep
pattern, how noticeable it is to others that there may be
sleep problem impairing the subject’s quality life, whether
the subject is worried about their current sleep pattern and
how much the current sleep pattern is interfering with the
subject’s daily functioning. Each of these questions is
answered by selecting a number from 0 to 4 that describes
the severity of the problem and the ISI score (0–28) is cal-
culated by adding the scores of all questions together.
Participants with ISI scores from 0 to 7 are considered to
have no clinically significant insomnia, participants with
ISI scores from 8 to 14 are classified as having subthreshold
insomnia and participants with ISI scores from 15 to 28 are
considered to have clinical insomnia (moderate to severe).

Assessment of psychological symptoms (anxiety
and depression)
Anxiety and depression symptoms were assessed using
an Arabic version of the well-validated Hospital Anxiety
and Depression Scale (HADS)(23). The standard forward-
backward translation method was also used to translate
the HADS from English to Arabic as previously described(14).
The Arabic translation was also pilot tested on thirty under-
graduate university students who were not participants in
the current study. TheHADS consists of seven questions that
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assess anxiety and seven questions that assess depression.
Each question is answered by selecting a number from
0 to 3 considering to severity. Thus, the total score for both
anxiety and depression ranges from 0 to 21. Participants
were considered normal (HADS-anxiety or depression
scores from 0 to 7), borderline (HADS-anxiety or depression
scores from 8 to 10) or abnormal (HADS-anxiety or depres-
sion scores from 11 to 21)(23).

Assessment of musculoskeletal pain
As previously described(24), participants were asked to
report the sites and severity of chronic MSP. Areas of
MSPwere indicated using an illustration of the human body
consisting of twelve sites including neck, shoulders, lower
back, hands, wrists, palms, arms, upper legs, knees, lower
legs, hips and feet. The number of painful body sites was
summed. Additionally, participants were asked to report
the overall intensity of MSP during the last month using a
0–10 numerical rating scale (0 reflects no MSP and 10
reflects the maximum intensity of MSP)(24).

Statistical analysis
Analysis was performed using the IBM SPSS Statistics soft-
ware version 23. Data were presented as frequency (%),
mean ± SD or median (25th–75th percentiles) as appropri-
ate. Differences in variables according to insomnia status
were determined using one-way ANOVA with Tukey post-
hoc test for multiple comparisons, Kruskal–Wallis one-way
ANOVA or χ2 test as appropriate. Correlation analysis
between ISI score and other continuous variables was per-
formed using either Pearson’s or Spearman’s correlation test
as appropriate. Predictors of insomnia, anxiety and depres-
sionwere determined usingmultiple linear regression analy-
sis. Predictors of MSP were determined using binary logistic
regression analysis. All P-valueswere two-tailed and consid-
ered statistically significant at< 0·05.

Results

General characteristics of the participants
One thousand participants (36·7 % males and 63·3 %
females) were recruited, consisting of 52·4 % medical and
47·6 % non-medical university students, whose mean age
was 20·87 ± 2·69 years. According to their academic level,
55·3 % of participants were in their 1st or 2nd year (junior
students) and 44·7 % of participants were in their 3rd–6th
year (senior students). Participants had a mean BMI of
23·75 ± 4·56 kg/m2 and only 14·7 % of participants were
current smokers. Other characteristics of participants are
reported in Table 1.

Daily dairy calcium intake
Most participants (96·5 %) reported a daily dairy Ca intake
that was well below the recommended daily intake of

1000 mg/d for adults,(25) with an overall median (25th–
75th percentiles) of 288·12 (130·95–487·72) mg/d.

Prevalence of insomnia and its severity
According to the ISI scoring system, 15·6 % of participants
suffered from moderate to severe clinical insomnia, 45·0 %
of participants had subthreshold insomnia and 39·4 % of
participants had no clinically significant insomnia. The
mean ISI score for all participants was 9·31 ± 5·46.

Prevalence of psychological symptoms (anxiety
and depression)
According to the HADS scoring system, abnormal HADS-
anxiety scores were reported in 26·2 % of participants
and abnormal HADS-depression scores were reported in
18·0 % of participants. Additionally, 22·5 % of participants
recorded borderline HADS-anxiety scores and 24·3 %
of participants had borderline HADS-depression scores.
The remaining participants had normal HADS-anxiety
(51·3 %) and depression (57·7 %) scores. The mean HADS-
anxiety and depression scores for all participants were
7·8 ± 4·33 and 7·13 ± 3·7, respectively.

Prevalence of musculoskeletal pain
MSP was reported by 42·9 % of participants. The median
(25th–75th percentiles) MSP intensity (out of 10) during
the previous month was 0 (0–4) and the median (25th–
75th percentiles) number of painful body sites (out of
12) was 0 (0–1·75).

Differences between study variables according
to insomnia status
As shown in Table 1, moderate to severe insomnia was
more prevalent in non-medical students compared with
medical students (P-value= 0·04). Current smokers, partic-
ipants with a history of medical illness and those who
reported MSP during the previous month reported higher
frequencies of moderate to severe insomnia compared
with subthreshold insomnia and no clinically significant
insomnia (P-values = 0·01, <0·01, <0·001, respectively).
Participants with moderate to severe insomnia had higher
HADS-anxiety and depression scores, higher MSP intensity
during the previous month, more painful body sites and
lower daily dairy Ca intake compared to participants with
subthreshold insomnia and participants with no clinically
significant insomnia (P-values < 0·001).

Correlation between Insomnia Severity Index score,
Hospital Anxiety and Depression Scale-anxiety and
depression scores, musculoskeletal pain and daily
dairy calcium intake
As shown in Table 2, there was a relatively strong correla-
tion between the ISI and HADS-anxiety scores (r= 0·43,
P-value< 0·001), and moderate correlations between ISI
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Table 1 Differences between variables according to insomnia status

Total (n 1000)

No clinically significant
insomnia (ISI score=

0–7) (n 394)
Subthreshold insomnia

(ISI score= 8–14) (n 450)

Moderate to severe
clinical insomnia (ISI
score= 15–28) (n 156)

n % n % n % n % P*

Age
Mean 20·87 20·95 20·83 21·01 0·68
SD 2·69 2·72 2·37 2·60

Gender
Male 367 36·7 140 35·5 165 36·7 62 39·7 0·65
Female 633 63·3 254 64·5 285 63·3 94 60·3

Marital status
Single 978 97·8 381 96·7 445 98·9 152 97·4 0·08
Married 22 2·2 13 3·3 5 1·1 4 2·6

College
Medical 524 52·4 214 54·3 243 54·0 67 42·9 0·04
Non-medical 476 47·6 180 45·7 207 46·0 89 57·1

Academic level
Junior students (1st and 2nd years) 553 55·3 214 54·3 253 56·2 86 55·1 0·87
Senior students (3rd–6th year) 447 44·7 180 45·7 197 43·8 70 44·9

BMI (kg/m2)
Mean 23·75 23·92 23·64 23·63 0·73
SD 4·56 4·62 4·54 4·50

Smoking
Yes 147 14·7 43 10·9 72 16·0 32 20·5 0·01
No 853 85·3 351 89·1 378 84·0 124 79·5

Number of family members
Mean 6·47 6·33 6·56 6·57 0·26
SD 1·74 1·74 1·68 1·89

Average family income
≤500 JD 246 24·6 98 24·9 103 22·9 45 28·8
501–1000 JD 402 40·2 162 41·1 175 38·9 65 41·7 0·31
>1000 JD 352 35·2 134 34·0 172 38·2 46 29·5

Regular exercise
Yes 664 66·4 273 69·3 294 65·3 97 62·2 0·23
No 336 33·6 121 30·7 156 34·7 59 37·8

History of medical illness during previous month
Yes 106 10·6 35 8·9 42 9·3 29 18·6 <0·01
No 894 89·4 359 91·1 408 90·7 127 81·4

HADS-anxiety score (0–21)
Mean 7·8 5·99†‡ 8·22†§ 11·18‡§ 0·000
SD 4·33 3·91 3·88 4·30
Normal (0–7) 513 51·3 274 69·5 206 45·8 33 21·2
Borderline (8–10) 225 22·5 64 16·2 125 27·8 36 23·1 0·000
Abnormal (11–21) 262 26·2 56 14·2 119 26·4 87 55·8

HADS-depression score (0–21)
Mean 7·13 6·09†‡ 7·27†§ 9·37‡§ 0·000
SD 3·7 3·36 3·48 4·08
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Table 1 Continued

Total (n 1000)

No clinically significant
insomnia (ISI score=

0–7) (n 394)
Subthreshold insomnia

(ISI score= 8–14) (n 450)

Moderate to severe
clinical insomnia (ISI
score= 15–28) (n 156)

n % n % n % n % P*

Normal (0–7) 577 57·7 268 68·0 249 55·3 60 38·5 0·000
Borderline (8–10) 243 24·3 81 20·6 126 28·0 36 23·1
Abnormal (11–21) 180 18·0 45 11·4 75 16·7 60 38·5

Daily dairy Ca intake (mg/d)
Median 288·12 310·08 277·28 219·64 0·04
25th–75th percentiles 130·95–487·72 135·56–529·76 132·79–476·48 105·14–466·69

Complaint of MSP in any site of the body
Yes 429 42·9 138 35·0 200 44·4 91 58·3 0·000
No 571 57·1 256 65·0 250 55·6 65 41·7

MSP intensity during the previous month (0–10)
Median 0 0 0 2 0·000
25th–75th percentiles 0–4 0–2 0–4 0–5

Number of painful body sites (1–12)
Median 0 0 0 1 0·000
25th–75th percentiles 0–1·75 0–1 0–2 0–2

ISI, Insomnia Severity Index; HADS, Hospital Anxiety and Depression Score; MSP, musculoskeletal pain; JD, Jordanian Dinar.
*One-way ANOVA test, Kruskal-Wallis one-way ANOVA or χ2 test as appropriate (P-values< 0·05 were considered statistically significant). Data are expressed as frequency (%), mean ± SD or median (25th–75th percentiles).
†Post-hoc analysis revealed significant difference between no clinically significant insomnia and subthreshold insomnia.
‡Post-hoc analysis revealed significant difference between no clinically significant insomnia and moderate to severe insomnia.
§Post-hoc analysis revealed significant difference between subthreshold insomnia and moderate to severe insomnia.

Table 2 Correlation between ISI score and other variables*

ISI score
Daily dairy Ca intake

(mg/d) HADS-anxiety score
HADS-depression

score
MSP intensity during the
previous month (0–10)

Number of painful body
sites (1–12)

Age (years) r= 0·01; P= 0·74 r= 0·09; P< 0·01 r=−0·11; P< 0·001 r=−0·04; P= 0·20 r=−0·04; P= 0·17 r=−0·08; P= 0·02
BMI (kg/m2) r=−0·01; P= 0·78 r= 0·04; P= 0·28 r=−0·02; P= 0·65 r=−0·02; P= 0·52 r= 0·06; P= 0·04 r= 0·03; P= 0·44
Number of family members r= 0·05; P= 0·12 r=−0·09; P< 0·01 r= 0·02; P= 0·46 r= 0·07; P= 0·02 r= 0·01; P= 0·77 r=−0·02; P= 0·55
ISI score – r=−0·10; P< 0·01 r= 0·43; P< 0·001 r= 0·27; P< 0·001 r= 0·24; P< 0·001 r= 0·24; P< 0·001
Daily dairy Ca intake (mg/d) – – r=−0·06; P= 0·06 r=−0·12; P< 0·001 r=−0·01; P= 0·73 r=−0·06; P= 0·05
HADS-anxiety score – – – r= 0·52; P< 0·001 r= 0·35; P< 0·001 r= 0·34; P< 0·001
HADS-depression score – – – – r= 0·24; P< 0·001 r= 0·23; P< 0·001
MSP intensity during the previous
month (0–10)

– – – – – r= 0·66; P< 0·001

ISI, Insomnia Severity Index; HADS, Hospital Anxiety and Depression Scale; MSP, musculoskeletal pain.
*Pearson’s or Spearman’s correlation test was used as appropriate (P-values were two-tailed and considered statistically significant at< 0·05).
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and HADS-depression scores (r= 0·27, P-value < 0·001) as
well as between ISI and both MSP intensity during the pre-
vious month and number of painful body sites (r= 0·24,
P-values < 0·001). In contrast, daily dairy Ca intake was
weakly inversely correlated with both ISI score (r=−0·10,
P-value <0·01) and HADS-depression score (r=−0·12,
P-value < 0·001). HADS-depression score was also moder-
ately correlated with MSP intensity during the previous
month (r= 0·24, P-value< 0·001) and with the number of
painful body sites (r = 0·23, P-value < 0·001). HADS-
anxiety score was also moderately correlated with MSP
intensity during the previous month (r = 0·35, P-value
< 0·001) and with the number of painful body sites (r= 0·34,
P-value< 0·001).

Predictors of insomnia
Multiple linear regression analysis (Table 3) indicated
significant associations between ISI score and smoking
(P-value= 0·001), HADS-anxiety score (P-value< 0·001),

HADS-depression score (P-value= 0·02), complaints of
MSP (P-value = 0·04), MSP intensity during the previous
month (P-value= 0·02) and the number of painful body
sites (P-value = 0·02). In contrast, ISI score was signifi-
cantly inversely associated with daily dairy Ca intake
(P-value = 0·03).

Predictors of psychological symptoms (anxiety
and depression)
Multiple linear regression analysis (Table 4) indicated that
HADS-anxiety score was significantly inversely associated
with participants’ academic level (P = 0·001) and positively
associated with female gender (P-value < 0·001), BMI
(P-value = 0·02), ISI score (P-value < 0·001) and HADS-
depression score (P-value < 0·001). HADS-depression
score was also significantly associated with ISI score
(P-value= 0·02) and HADS-anxiety score (P-value< 0·001)
and was inversely associated with daily dairy Ca intake
(P-value < 0·01).

Table 3 Predictors of ISI score*

Variable R2 ANOVA Model B β P*

ISI score 0·22 F= 31·67, P< 0·001 Constant 0·72 – 0·62
College −0·03 −0·02 0·52
Smoking 1·45 0·09 0·001
History of medical illness during previous month 0·03 <0·01 0·95
HADS-anxiety score 0·44 0·35 <0·001
HADS-depression score 0·12 0·08 0·02
Daily dairy Ca intake <−0·01 −0·06 0·03
Complaint of MSP in any site of the body −1·22 −0·11 0·04
MSP intensity during the previous month 0·26 0·12 0·02
Number of painful body sites 0·32 0·10 0·02

ISI, Insomnia Severity Index; R2, squared coefficient of determination; B, unstandardised coefficient; β, standardised coefficient; F, F-statistic; HADS, Hospital Anxiety and
Depression Score; MSP, musculoskeletal pain.
*Multiple linear regression analysis (P-values< 0·05 were considered statistically significant).

Table 4 Predictors of HADS-anxiety and depression scores

Variable R2 ANOVA Model B β P*

HADS-anxiety score 0·45 F= 90·15, P <0·001 Constant −0·80 – 0·35
Academic level −0·68 −0·08 0·001
Gender 1·18 0·13 <0·001
BMI 0·06 0·06 0·02
ISI score 0·22 0·27 <0·001
Daily dairy Ca intake <0·001 0·03 0·20
HADS-depression score 0·50 0·43 <0·001
Complaint of MSP in any site of the body 0·65 0·07 0·10
MSP intensity during the previous month 0·11 0·06 0·17
Number of painful body sites 0·18 0·07 0·05

HADS-depression score 0·33 F= 86·79, P <0·001 Constant 3·54 – <0·001
ISI score 0·05 0·07 0·02
Daily dairy Ca intake <−0·01 −0·08 <0·01
HADS-anxiety score 0·43 0·50 <0·001
Complaint of MSP in any site of the body 0·06 0·01 0·88
MSP intensity during the previous month 0·02 0·02 0·75
Number of painful body sites 0·04 0·02 0·62
History of medical illness during last month 0·52 0·04 0·10

HADS, Hospital Anxiety and Depression Score; ISI, Insomnia Severity Index; R2, squared coefficient of determination; B, unstandardised coefficient; β, standardised
coefficient; F, F-statistic; MSP, musculoskeletal pain.
*Multiple linear regression analysis (P-values< 0·05 were considered statistically significant).
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Predictors of musculoskeletal pain
Binary logistic regression analysis (Table 5) revealed that
MSP complaints among participants were significantly
associated with female gender (OR 1·39, P-value= 0·03),
increased BMI (OR 1·04, P-value= 0·02), increased HADS-
anxiety score (OR 1·14, P-value < 0·001) and increased ISI
score (OR 1·03, P-value< 0·05).

Discussion

The current study reports a high prevalence of inadequate
Ca intake estimated from daily food consumption among
young adults of around 21 years of age. Of concern, the
median dairy Ca intake in our cohort of university students
was< 1/3 of the recommended daily intake for adults
(1000 mg/d)(25). Low dietary Ca intake in similar age groups
has also been reported by other studies using different
methods to assess dietary Ca intake(26,27). The low dietary
Ca intake among young adults could be explained by the
wide spread consumption of junk food, especially in uni-
versities, that does not contain enough Ca(28). In the present
study, only dairy food contributions to Ca intake were esti-
mated and no consideration was given to Ca in other foods
such as green leafy vegetables or legumes with lower Ca
content and poor bioavailability. Ca is highly available in
dairy products(29), and low dietary Ca intake has been
linked to deleterious consequences on the skeleton leading
to bone diseases such as osteoporosis(25). In addition, low
Ca intake could adversely affect other extra-skeletal func-
tions since Ca is involved in muscle contraction, neuro-
transmission, signalling and other functions(30). As such,
our hypothesis focused on the relationship between low
dairy Ca intake and other inter-related health problems that
are commonly manifested in university students including
insomnia, anxiety, depression and MSP.

Our major finding was the significant inverse associa-
tion between insomnia (ISI score) and dairy Ca intake
(Table 3). This association suggests that insomnia among
university students can be predicted from their low intake
of dairy Ca. This finding was also supported by the signifi-
cant difference in dairy Ca intake between participants

with moderate to severe insomnia and participants with
no or subthreshold insomnia (Table 1). The relationship
between sleep and Ca could partially be explained by
the role of brain Ca in converting the amino acid tryptophan
to melatonin, which is considered to be a sleep-inducing
hormone(8). In addition, previous studies have indicated
that Ca could be involved in regulating both cycles and
duration of sleep in mammals(10). Our results support the
increasing evidence that suggests a role for dietary Ca in
improving sleep quality and reducing insomnia(7,8).

Our results have also shown that insomnia among uni-
versity students can be predicted from anxiety and depres-
sion scores, MSP and MSP intensity during the previous
month, number of painful body sites and smoking
(Table 3). These results were supported by the significant
higher anxiety and depression scores in participants with
moderate to severe insomnia compared to both partici-
pants with no clinically significant insomnia and partici-
pants with subthreshold insomnia (Table 1). In addition,
a higher percentage of participants who were smokers,
and participants with MSP, were classified to have moder-
ate to severe insomnia (Table 1). Moreover, the median
MSP intensity and number of painful sites were significantly
higher in participants with moderate to severe insomnia
compared to both participants with no clinically significant
insomnia and participants with subthreshold insomnia
(Table 1). The relationship between insomnia and the
psychological symptoms of anxiety and depressionwas pre-
viously reported in the literature to be bi-directional(31,32).
This was also supported by our findings as insomnia (ISI
score) was a significant predictor for both anxiety and
depression (Table 4) and vice versa (Table 3). This suggests
that insomnia among university studentsmay lead to anxiety
and depressionwhich in turnmay cause insomnia. Insomnia
andMSPwere also previously reported to co-occur and each
of themmay increase the risk of the other(15). Our results also
supported this relationship as insomniawas a significant pre-
dictor ofMSP,while MSP, MSP intensity and number of pain-
ful body sites were significant predictors of insomnia
(Tables 3 and 5). The last predictor of insomnia in our study
was cigarette smoking. It has been reported that sleep dis-
turbances aremore common in cigarette smokers compared

Table 5 Predictors of MSP

Variable Value B SE OR CI P*

Constant −3·02 0·48 – – <0·01
Academic level Junior students (reference)

Senior students
0·11 0·14 1·12 0·85, 1·47 0·41

Gender Male (reference)
Female

0·33 0·15 1·39 1·03, 1·88 0·03

BMI – 0·04 0·02 1·04 1·01, 1·07 0·02
HADS-anxiety score – 0·13 0·02 1·14 1·10, 1·19 <0·001
HADS-depression score – 0·03 0·02 1·04 0·99, 1·08 0·13
ISI score – 0·03 0·01 1·03 1·00, 1·06 <0·05

HADS, Hospital Anxiety and Depression Scale; MSP, musculoskeletal pain; ISI, Insomnia Severity Index; B, coefficient (intercept).
*Binary logistic regression (dependent variable: complaint of MSP in any site of the body), P-values< 0·05 were considered statistically significant.
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with non-smokers(33). This is explained by the stimulant
action of nicotine that can increase alertness(34), which
may result in insomnia.

One of the main objectives of the current study was to
find a link between low dietary Ca estimated from dairy
food consumption and insomnia, anxiety, depression
and MSP, as we believe that low Ca intake may contribute
to the development of these conditions. Our results have
shown that dairy Ca intake was inversely associated with
insomnia and depression scores but not associated with
anxiety scores and complaints of MSP (Tables 3, 4 and
5). These results are not completely consistent with our
previous study which was conducted on subjects with
non-cardiac musculoskeletal chest pain(14). In that study,
low dairy Ca intake was associated with anxiety, and anxi-
ety was associated with pain. This inconsistency may be
explained by differences in the study design and age of par-
ticipants(14). Because participants of the current study were
younger and apparently healthy, their low dairy Ca intake
may not result in musculoskeletal symptoms. Although
there was no significant association between dairy Ca
intake and anxiety or MSP, our results suggested an indirect
relationship between them. The current study results indi-
cate that anxiety may be affected by low dairy Ca intake
through the significant association between anxiety and
both insomnia and depression scores, which themselves
are associated with low dairy Ca intake. Similarly, MSP
may be affected by low dairy Ca intake through the signifi-
cant association between MSP and insomnia scores, the lat-
ter of which is associated with low dairy Ca intake.
Therefore, our results maintain support for the presence
of a relationship between low dairy Ca intake, insomnia,
anxiety, depression and MSP in our study population.

Taken together, the current study has exposed a rela-
tionship between low dairy Ca intake and medical condi-
tions including insomnia, anxiety, depression and MSP,
all of which are commonly present in university students.
The main strengths of the current study were its large sam-
ple size and the established methods used to measure the
variables of interest. All outcomes were determined using
well-validated surveys that have been previously docu-
mented in the literature (refer to Materials and methods).
The study was mainly limited by its cross-sectional design
and the dependence on participants’ reliable self-reporting.
The study is also limited by the incomplete estimate of total
dietary Ca intake, which only included dairy food sources
and not that of other foods and beverages with lower
Ca content and often poor bioavailability. Dairy foods
are the most commonly consumed Ca-rich foods by
Jordanian students with highly available Ca. These limita-
tions may prevent us from making conclusions that can
be applied to the general population. However, we believe
these results are reported for the first time and hope they
may encourage other researchers to further investigate
the potential causal relationship between low dietary
Ca intake and insomnia, anxiety, depression and MSP.

If proven true, further studies should be performed to
determine if increasing dietary Ca intake, either via food
choices or supplementation, is able to resolve some of
these health issues among university students in order to
increase both their lifestyle and scientific achievements.

Conclusion

Low dietary Ca intake estimated from dairy food consump-
tion was highly prevalent and associated with insomnia
and depression among university students from Jordan.
Insomnia in our study participants could be predicted from
increased anxiety and depression scores, complaint of MSP
and smoking. Both anxiety and depression scores could
also be predicted from insomnia scores, supporting a
bi-directional association for both anxiety and depression
with insomnia. Young adults should be advised to increase
dietary Ca intake to achieve the recommended daily
amount. It is also required to investigate a potential causal
relationship between low dietary Ca and both insomnia
and its related co-morbidities.
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