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Comparison of nutrient intake by sleep status in selected adults in Mysore, India
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Abstract

Insomnia has become a major public health issue in recent times. Although quality of sleep is affected by environmental, psychophysiological,
and pharmacological factors, diet and nutrient intake also contribute to sleep problems. This study investigated the association between nutrient
intake and co-morbid symptoms associated with sleep status among selected adults. Subjects in this study included 87 men and women aged 21-45
years. Presence of insomnia was assessed using the Insomnia Screening Questionnaire, and dietary intake was measured over three consecutive days
by dietary survey. Descriptive analysis, ANOVA, and Chi-Square tests were performed to compute and interpret the data. Approximately 60% of
the participants were insomniacs. People with insomnia consumed significantly lesser quantities of nutrients as compared to normal sleepers. Differences
in intakes of energy, carbohydrates, folic acid, and Bj, were highly significant (P <0.002). Further, intakes of protein, fat, and thiamine were significantly
different (P <0.021) between insomniacs and normal sleepers. The nutrient intake pattern of the insomniacs with co-morbid symptoms was quite
different from that of the normal sleepers. Based on these results, it is probable that there is an association between nutrition deficiency, co-morbid

symptoms, and sleep status. More studies are required to confirm these results.
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Introduction

Sleep is a physiological process that occurs in humans and
animals and is defined as a recurrent state of reduced attention
to the surrounding environment. The most important functions
of sleep are the restoration of body functions, synthesis of
proteins, and the prevention of lethargy. The number of sleep
hours required varies from individual to individual. An adult
person needs 7 to 9 hours of good sleep daily to be alert during
the day [1]. Disturbances in sleep status generally described as
difficulty in falling asleep, waking up frequently during the night
with difficulty returning back to sleep, waking up too early in
the morning, and un-refreshing sleep are collectively referred to
as insomnia. Thus, insomnia is the perception or complaint of
inadequate or poor sleep status [2]. Leg cramps, restless leg
syndrome, and periodic limb movement are just some of the
co-morbid symptoms associated with poor sleep status.

Insomnia is not defined by the number of hours of sleep a
person gets or how long it takes to fall asleep, as individuals
vary in their requirement for satisfactory sleep. The effect of
nutrition on sleep status has been recognized recently [3].
Presently, the amount of knowledge related to nutrition and sleep
status is scarce [4]. Although previous studies have shown an
association between vitamins and sleep disorders, a direct link
between vitamins and quality of sleep is not clear [5]. For
example, vitamin By, deficiency results in poor sleep status by

shortening the length of the sleep-wake rhythm and affects the
circadian aspect of sleep propensity [6,7]. Studies have
demonstrated that supplementation with vitamin B-complex
improves nocturnal leg cramps, suggesting a possible nutritional
method for the management of certain types of sleep disorders
[8]. Restless leg syndrome is often a complaint among anemic
individuals. For this, iron supplementation and improvement in
iron status have been reported to have reducing effects, indicating
a relationship between sleep quality and nutritional deficiencies
[9].

Based on case controlled studies, it could be stated that dietary
deficiencies affect quality of sleep [10]. There are a limited
number of studies regarding dietary intake and the sleep response
in populations. Hence, the present study was carried out to
investigate the association between nutrient intakes and sleep
status in selected adults in Mysore, Karnataka, India.

Subjects and Methods

Selection of subjects

This study was conducted in Mysore city, a major city of
Karnataka in south India, and it included 120 subjects from
institutions such as software and IT companies as well as students
and faculty members of various universities. The exclusion
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criteria included regular medication for any medical or psychiatric
problem.

Selection of the tools

Questionnaires

In order to select the subjects based on their sleep status, the
Insomnia Screening Index of Clinical Practice Guideline of the
Alberta Medical Association (English language) was used [11].
This is a simple questionnaire to assess insomnia among subjects.
A pilot study was conducted to verify the suitability of the
questionnaire, including the language in an Indian context, and
was found to be appropriate for use without any modification;
also, the selected subjects were educated and well versed in the
English language. Presence of insomnia was assessed based on
four questions enquiring subjects about their sleep status during
the past four weeks: (i) difficulty in initiating sleep; (ii) nocturnal
awakenings with difficulty returning to sleep; (ii) early involuntary
awakening and too short sleep period (six hours or less); and
(iv) non-restorative sleep with a feeling of tiredness upon
awakening and negative consequences in terms of daytime
alertness, fatigue, and irritability as a result. In addition, the
questionnaire included self-reporting multiple assessment quarries
for measuring co-morbid symptoms such as restless leg syndrome,
circadian rhythm disorders, and hypersomnia, which are associated
with sleep status.

Nutrient intake was also assessed based on dietary intake over
3 consecutive days using the daily record method [12,13].
Subjects were trained in recording their daily food intake by
demonstrating the use of standard cups and spoons for serving
food and beverages [14]. Nutrient intake based on dietary intake
data was calculated using a dietary ready reckoner for cooked
foods, which was developed by the Department of Studies in
Food Science and Nutrition, University of Mysore based on
Indian Council of Medical Research (ICMR) data [14-16].
Nutrient intakes were adjusted for energy intake using the Nutrient
residual (energy-adjusted) model, as recommended by Willett
[17].

Anthropometry

Height and weight measurements were carried out to assess
nutritional status; height was measured to the nearest of 0.1 cm
and weight to 0.1 kg, as suggested by Jelliffe [18]. A height
measuring scale [19] and an electronic weighing machine were
used. Based on the data, BMI was calculated according to the
formula: (wt/kg)/(ht/m)” [20].

Conducting the study

The proposed study involved human volunteers. Therefore,
approval was sought from the Human Ethics Committee of the
University of Mysore, and consent letters from all subjects were

obtained.

A brief write-up about insomnia explaining its causes and
consequences on quality of life was prepared and distributed to
the authorities of selected institutions to solicit their cooperation.
Convenient time was considered for each institute, and a
preliminary meeting to explain the purpose and importance of
the study was organized for the employees with due support
provided by the authorities. A total number of 120 questionnaires
titled ‘Insomnia Screening Questionnaire’ and ‘food intake record’
were distributed. Heights and weights of all the subjects were
recorded by the investigator according to standard techniques.

Computation of results and statistical analysis

Eighty-seven questionnaires out of the 120 distributed were
completed. The selected subjects comprised both males and
females aged 21-45 years in an insomnia group (n=53) and
normal sleep group (n=34). The data collected were tabulated,
and suitable statistical tests were applied using Statistical Package
XLSTAT 2007 and SPSS 15.0 to interpret the results.

Results

General information of the selected subjects

Table 1 presents the general profile of the participants. A higher
percentage of subjects were aged 21-26 years, followed by those
aged 27-32 years. Among the 87 subjects included in this study,
35 subjects were males and 52 females. Most of the subjects
(62%) were unmarried. Almost all of the selected subjects were

Table 1. General information of the subjects N (%)
Gender Male Female Total
(n=235) (n=52) (n=87)

Age average

21-26 18 (51.4) 34 (65.4) 52 (60)

27-32 7 (20.0) 9 (17.3) 16 (18.4)

33-38 5 (14.3) 5 (9.6) 10 (11.5)

39-45 5 (14.3) 4(7.7) 9 (10.4)
Marital Status

Single 21 (60.0) 33 (63.5) 54 (62.1)

Married 14 (40.0) 19 (36.5) 33 (37.9)
Occupation

Employed 38 (97.4) 35 (72.9) 73 (83.9)

Student 1(2.6) 11 (22.9) 12 (13.8)

Housewife - 2 (4.2) 2 (2.3)
Educational level

<12 grade - 2 (3.8) 2 (3.8)

University grades 35 (100) 50 (96.2) 85 (97.7)
Diet type

Vegetarian 14 (40.0) 19 (36.5) 33 (37.9)

Non- vegetarian 21 (60.0) 33 (63.5) 54 (62.1)
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Table 2. Association of sleep status with age, gender, and BMI of selected subjects N (%)
. Insomniac Normal sleepers Total Chi-square Chi-square
Characteristics (n=53) (n=34) (n=87) (observed value) (critical value) Prvalue
Age
21-26 29 (54.7) 23 (67.6) 52 (60.0)
27-32 12 (22.6) 4 (11.8) 16 (18.4)
1.528 3.841 0.216
33-38 6 (11.3) 4 (11.8) 10 (11.5)
39-45 6 (11.3) 3 (8.8) 9 (10.4)
Gender
Male 22 (42.0) 13 (38.0) 35 (40.0)
8.395 3.841 0.004
Female 31 (58.0) 21 (62.0) 52 (60.0)
BMmI"
<18.5 (Underweight) 5 (9.0) 4 (12.0) 9 (10.2)
18.5-24.99 (Normal) 35 (66.0) 24 (71.0) 59 (67.8) 74.258 101.879 0.66
25-29.99 (Overweight) 14 (26.0) 6 (18.0) 20 (23.0)

Y BMI: Body mass index

graduates or postgraduates; 84% were employed in different
organizations and institutes, whereas a small proportion (13.8%)
of the participants was comprised of students. A higher percentage
of the subjects (65%) consisted of non-vegetarians.

Relationship of sleep status with age, gender, and BMI of selected
subjects

A perusal of Table 2 indicates the occurrence of insommnia with
relation to age, gender, and BMI. Sixty-three percent of subjects
exhibited symptoms of insomnia. Insomnia was more prevalent
(55%) in the 21-32 age group as compared to the older age
(33-45) group. Although both men and women displayed symptoms
of insomnia, occurrence was higher (58%) among women.
According to Chi-Square analysis, a significant association was
observed between gender and sleep status.

The association between BMI and sleep status can also be seen
in Table 2. A higher percentage of subjects with BMI values
in the normal range as well as those in the underweight category
were normal sleepers compared to those in the overweight
category.

Association between nutrient intake and sleep status

Information concerning nutrient intake among subjects with
sleep disturbances must be obtained to understand the influence
of diet on sleep status. A perusal of Table 3 illustrates the mean
intake of energy, three macro and nine micro nutrients by
insomniacs as compared to subjects in the normal sleep group.
Significant differences (1%) were noted in the mean intakes of
energy, folic acid, Bi,, and iron between the two groups. The
normal sleepers consumed a significantly higher quantity of
energy as well as certain nutrients, namely carbohydrates, folic
acid, and vitamin Bj,, compared to the insomniacs. In addition
to these, protein and thiamine intakes also exhibited significant
differences (at 5%). Nevertheless, intakes of all nutrients,

Table 3. Comparison of mean nutrient intake/day between normal sleepers and
insomniac subjects

. . Insomnias Normal sleepers
Nutrient intake F-value P-value
Mean + SD Mean + SD

Energy (kcal) 1,114 377 1427 538 1011 0.002**
Protein (g) 28 7 34 9 5.54 0.02*
Fat (g) 40 22 60 31 3.06  0.08"
Carbohydrate (g) 158 37 191 53 6.23 0.014*
Thiamine (mg) 105 031 133 044 59 0.02*
Riboflavin (mg) 060 014 073 02 288  0.09"%
Niacin (mg) 8.3 1.7 9.8 24 2.64 0.1
Vit Bs (mg) 007 001 008 001 00002 0.98%
Folic acid (ug) 56.16 1745 719 249 983  0.002**
Vit Biz (ug) 053 035 08 05 7.66  0.006*
Calcium (mg) 352 77 422 110 1.65 0.2"
Iron (mg) 9.6 23 16 32 5.99 0.01*
Magnesium (mg) 326 64 384 92 0.66 04"

* Statistical test (ANOVA) was done after adjustment with energy intake using
residual method
*P<0,05, *P<0,01

regardless of statistical significance, were found to be markedly
lower among insomniacs as compared to normal sleepers. These
results are similar to studies performed by other investigators
that reported deficient energy and nutrient intakes among
insomniacs [4,21].

Occurrence of insomnia and co-morbid symptoms

Co-morbid symptoms are considered to be precipitating factors
that worsen insomnia; different symptoms are known to coexist
with sleep status [22]. It is evident from Table 4 that 38% of
the insomniacs did not experience clinical symptoms, whereas
a higher percentage of the participants suffered co-morbid
symptoms (62%). Surprisingly, 32% of the normal sleepers
experienced co-morbid symptoms; however, the result of the
Chi-Square test revealed a highly significant association between
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Table 4. Frequency of occurrence of co-morbid symptoms in relation to sleep status

With co-morbid symptoms

Without co-morbid symptom

Chi-square Chi-square

Sleep status N (%) N (%) (observed value) (critical value) P-value
Insomniacs 33 (62) 20 (38)
17.931 3.841 0.0001***
Normal sleepers 11 (32) 23 (68)
***P<0,0001
Table 5. Nutrient intake in insomniacs and normal sleepers based on presence of co-morbid symptoms
With co-morbid symptoms Without co-morbid symptoms
Nutrient intake Insomniacs Normal sleepers Insomniac Normal sleepers
F-value P-value F-value P-value
Mean + SD Mean + SD Mean + SD Mean + SD
Energy (kcal) 1,158 £ 415 1,418 572 2.67 0.1 1,044 + 300 1,431+ 534 8.22 0.006**
Protein (g) 27+9 34+14 4.25 0.04* 3015 35+13 1.06 0.30
Fat (g) 47+44 59 + 36 0.74 0.39 37+24 55+28 5.49 0.02*
Carbohydrate (g) 156 +49 187 £ 92 2.24 0.14 164 +63 198 +78 247 0.12
Thiamine (mg) 1.02+0.47 1.28+0.6 2.20 0.14 1.16+£0.49 1.37£0.66 1.35 0.25
Riboflavin (mg) 1+£0.22 1+0.34 0.70 0.40 0.66+0.3 0.75+03 0.96 0.33
Niacin (mg) 8+25 10+3.7 3.28 0.07 9.10+4.5 9.68 +3.9 0.20 0.65
Vig Bgs (mg) 0.08 £0.05 0.05+0.04 1.37 0.24 0.06 +0.07 0.08 +0.06 0.52 0.47
Folic acid (ug) 52+22.6 63+25.3 2.01 0.16 58.94 +23 82.26+46.4 4.15 0.04*
Vit Br2 (ug) 0.36 £ 0.44 0.62+0.75 2.03 0.16 0.58 +0.67 1.21+1.56 2.83 0.10
Calcium (mg) 346 + 166 401 +£232 0.72 0.39 387 £227 424 +183 0.34 0.56
Iron (mg) 9+29 111438 3.14 0.08 102+4 11.91+4.84 1.63 0.20
Magnesium (mg) 334 +107 356 + 202 0.21 0.64 356+ 112 371+152 0.132 0.71

*P<0,05, *P<0.01

sleep status (insomniacs and normal sleepers) and presence of
co-morbid symptoms.

Influence of co-morbidity on nutrient intake

Table 5 presents the mean and standard deviation of nutrient
intake among normal sleepers and insomniacs with and without
co-morbid symptoms. Mean energy intakes among the insomniacs
with symptoms were considerably lower in comparison with
corresponding normal sleepers. However, the differences were
not statistically significant. Further comparison of energy intake
between normal sleepers and insomniacs without co-morbid
symptoms revealed a significant difference (P < 0.006), wherein
insomniacs consumed significantly less energy. Similarly, the
intakes of fat and folic acid were also significantly lower among
the insomniacs without co-morbid symptoms. On the other hand,
protein intake was significantly lower among the insomniacs with
co-morbid symptoms. Intakes of other nutrients were not found
to be different statistically significant between the insomniacs
and normal sleepers with and without co-morbid symptoms.

Discussion

Very few research studies have demonstrated associations
between food and nutrient deficiencies and sleep disturbances;
however, confirmatory data has yet to be established for effective
nutritional management of insomnia. Several foods and nutrients

have traditionally been associated with sleep status [23]. Researchers
have recently begun to investigate the effectiveness of such foods
as substitutes for pharmacological interventions. The effects of
food and food constituents on sleep disturbances are not fully
known. It is noteworthy to mention that sleep-related health
problems are associated with specific food consumption behaviors.
Consumption of tea, coffee, or alcohol as well as dining just
before bedtime is reported to have negative effect on sleep [24].
The need to develop a database regarding food and nutrient
intakes by insomniacs is well recognized by public health
nutritionists [25]. The available literature strongly points to the
ability of certain nutrients to affect sleep by altering neural
responses; especially, B group vitamins are known to cause
psychological distress, leading to sleep disturbances [26,27].
Further, iron deficiency anemia is a putative cause for restless
leg syndrome (RLS), a human sensorimotor reflector that appears
to intensify during the evening hours [10,28,29]. Though the
mechanism of RLS development is uncertain, there is circums-
tantial evidence that the dopaminergic system and iron status play
roles in the pathophysiology of the syndrome [30]. However,
it is well documented that iron absorption is counteracted by
a variety of dietary factors. The level of iron consumed indicates
the possibility of low bioavailability and anemia among
insomniacs [31]. The other macro nutrient that is important with
respect to sleep disturbance is carbohydrates [25]. Studies have
reported that dietary carbohydrates promote good sleep through
the secretion of serotonin, a hormone that directly influences
sleep [25]. Deficiency of carbohydrates evidently induces
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midnight waking and food cravings, which disturb sleep [32].
These earlier findings correspond with our current results. Protein
intakes were low among the insomniacs in this study. Information
about the effects of protein on sleep is less available; hence,
it is difficult to explain the influence of low consumption of
dietary protein on sleep. However, there is the possibility that
amino acids such as tryptophan and tyrosine are potent promoters
of sleep, and protein deficiency could lead to lower availability
of these amino acids and reduced sleep quality [33].

Intakes of the B vitamins riboflavin, niacin, Be, and folic acid
were drastically decreased in all of the subjects included in this
study; however, the deficiencies were markedly higher in the
insomniacs. Vitamin Bj, is reported to affect the body’s
biological rhythm, clinically; B> supplementation improves the
symptoms of sleep-wake rhythm disorders [7]. Experimental
studies on humans and clinical evidence suggest that vitamin Bi,
plays a role in the entraining mechanism of the biological clock
[6]. Evidently, intake of B, by insomniacs with and without
co-morbid symptoms was lower compared to normal sleepers.
It can thus be assumed that poor sleep status affects food intake
in several ways, possibly by lowering the appetite and also the
desire to eat well. This can be explained on the basis of hormonal
changes occurring during the night, which affect daytime eating
behavior [34].

It can be concluded that although sleep is influenced by a
variety of factors, sleep status and nutrient intakes are interdependent,
since poor sleep may cause reduced food intake, and nutrient
deficiency in turn could deteriorate sleep. Information about sleep
status is essential, especially among productive age groups in
a population. Lower intake of nutrients was observed more
among insomniacs as compared to normal sleepers and this could
be explanations of poor sleep status. Co-morbid symptoms sleep
status and nutrient intake can influence each other. Further studies
are required to confirm the association between nutrition and
sleep.
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