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Abstract: Obesity is an important risk factor for sleep disorders. This study aimed to evaluate the association of leptin,
zinc and tryptophan (TRP) in obese subjects with sleep deficits [sleep apnea (SA), insomnia (IN)]. In this cross sectional
case control, with the verbal and written consent 206, obese with sleep deficits and 30, non-obese/normal identified from
various areas of Karachi, Pakistan. The socio-demographic data including; age, body mass index (BMI), education and
residence, of participants was collected. After providing informed consent, fasting blood samples were taken and serum
was collected. The serum concentration of leptin, zinc and TRP were analyzed by ELISA (Enzyme-linked
immunosorbent assay), FAAS (Flame atomic absorption spectrophotometer) and HPLC (High performance liquid
chromatography) respectively. A significant correlation was found between BMI (body mass index) and leptin, BMI and
zinc, BMI and TRP. The correlation between leptin consecutively was significantly associated with zinc and TRP in
obese patients. Sleep deficits elevated circulatory levels of leptin while lower zinc and TRP levels compared to levels
seen in non-obese (Normal) subjects with no sleep deficits. Obese subjects exhibited significantly higher levels of leptin
with sleep deficits compared with non-obese subjects with normal sleep pattern, while obese subjects with SA had
significantly high levels of leptin than obese subjects with IN and IN+SA. Patients with sleep deficits had significantly
lower levels of serum TRP and zinc than non-obese subjects with normal sleep pattern. Obese subjects with SA had
significantly lower levels of zinc and elevated levels of TRP than obese subjects with IN. Obese patients with IN+SA
had significantly lower levels of leptin and zinc than IN and SA , while TRP levels were significantly lower in subjects
with IN than obese subjects with IN+SA and IN. These results suggest that elevated levels of leptin which are possibly
by adiposity and lessened levels of zinc and TRP have a great impact on progression of obesity and their association can
contribute to tempt sleep disorders.
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INTRODUCTION metabolic disorders and commonly arise in overweight
individuals (Fredheim et al., 2011).

Many factor, such as genetics and metabolism, contribute

to the development of obesity. Obesity was prevailed
doubled since 1980 (Ram et al., 2010) and this outbreak
has been coextending by a tendency in diminished sleep
duration (Beccuti et al., 2011). Studies (experimental and
observational) indicate to short sleep period as a hallmark
for obesity and obesity-related disorders including
metabolic syndrome, type II diabetes and cardiovascular
disorders (Morselli et al., 2010).

Sleep apnea (SA) is characterized by stopover in
breathing while asleep is due to hindrance of the airway
or by the incapability of the brain to normally order
respiration. Inability to fall asleep is termed as insomnia
(IN). Both SA and IN are linked to a high risk of
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Leptin resistance is a hallmark of obesity (Mayers et al.,
2012). Leptin is a hormone which is derived by gut and
adipose tissue, involves in regulation of various biological
functions and processes, including energy intake and
expenditure, body fat, neuroendocrine system, autonomic
function, sleep and insulin and glucose balance
(Confavreux et al., 2009). The most well-known effect of
leptin is to regulate body weight and energy balance
(Wang et al., 1996). Leptin is found to be generally low in
the circulation of lean individual and high with adiposity
(Ostlund et al., 1996), and directly linked with body mass
index (BMI) (Wali & Wali, 2016). Studies also elaborated
that low levels of leptin also involved in sleep deficits
(Sogut et al., 2016).
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It is indicated that low levels of zinc affect many
functions of the brain related to development of the brain
and produced neuropsychological symptoms (Lang et al.,
2015). Studies showed that obese (Marreiro et al., 2006)
and major depressed (Maes et al., 1997) and sleep
disorder (Luojus et al., 2015) individuals have low serum
or plasma zinc concentration. This alteration is associated
with redistribution of zinc among various tissues and zinc
redistribution in obesity appear to be mediated at least
partially by inflammatory cytokines (Gaetke et al., 1997)
which may provoke apoptosis and endothelial cell
dysfunctioning (Bao et al., 2010).

Obesity is considered to be an outcome of increased
caloric intake (ingestion of all constituents of food,
including carbohydrates, lipids, and proteins) and
decreased substantial activity. Greater protein intake is
related with the availability of amino acids such as the
essential amino acid tryptophan (TRP), a substrate for the
synthesis of serotonin and melatonin, both of which are
implicated in the regulation of satiety and caloric intake.
Though, morbidly obese persons have been found to have
decreased, rather than increased, TRP levels (Brandacher
et al., 2006). Recent studies have also shown that obesity
(Nduhirabandi et al., 2012), depression as well as
impairment of sleeping pattern (Malhotra et al., 2017;
Volpe et al., 2017) associated with reduced serum
tryptophan levels.

This study is aimed to evaluate the association of serum
leptin, zinc and tryptophan (TRP) in obese subjects with a
history of SA, IN and IN+SA. However the obesity-
related factors are the link between clinical and
metabolical manifestation of SA and IN is a point of
attention. The relation between metabolic disorders and
sleep disorder is multidirectional and complex to define.
The complex relationship is due in part to the fact that
obesity could be a cause and consequence fact of IN and
SA.

METHODS

Subjects and study design

The protocol was approved by institutional ethical
committee and, in accordance with the ethical standards
of the Helsinki declaration, and the written permission
was attained from all participants. All participant included
in this study were adult and obese were resident of
different areas of Karachi, Pakistan. A history to detect
sleep disorder was obtained during the visit in the clinic
of university to obtained informed consent to participate
in the study. Two-hundred and six (90 male, 116 female)
obese with sleep disorder and thirty (15 male, 15 female)
non-obese individual with normal sleep pattern were
enrolled in this study. Body mass index (BMI) of
>25kg/m’ as documented earlier (Ursavas et al., 2010)
was described as obesity. With the informed consent all
participant called to the laboratory for blood drawn.

Inclusion/exclusion criteria

Participant completed a questionnaire during a face-to-
face interview. Information was collected on demographic
variables, sleep disorders, socioeconomic status, smoking,
nutritional supplementation, personal medical history,
family history and medication use if any. Exclusion
criteria included cigarette smoking, patients with history
of CVD, metabolic disorders and hypertension. Subjects
who were taking any supplemental vitamins or herbal
products and the use of oral contraception in a diet based
weight-loss program are also excluded.

Sample collection and biochemical estimation

Fasting blood samples (5 ml, once for a study) were
drawn from patient’s arm with intravenous infusion under
the hygienic environment to avoid contamination. Serum
was extracted from blood and frozen at —40° until the
analysis of leptin, zinc and TRP. The techniques were
used for research purpose HPLC (High performance
liquid chromatography) for finding out tryptophan levels
and FAAS (Flame atomic absorption flame
spectrophotometery) for zinc level determination and
ELISA (Enzyme-linked immunosorbent assay) for leptin
levels.

HPLC analysis
Serum samples were extracted and the levels of serum
TRP were determined by HPLC-EC (Samad et al., 2007).

FAAS analysis

Serum samples were diluted with 2% nitric acid and the
levels of the serum zinc were determined by FAAS
(Naureen et al., 2014).

ELISA

Leptin serum samples were determined by ELISA. The
kit for serum leptin (Friedman & Halaas, 1998) was
obtained from BioSource Europe S.A.

STATISTICAL ANALYSIS

Data on leptin, zinc and TRP with sleep deficits in obese
subject was analyzed by using one-way ANOVA. Post
hoc analysis was done by Tukey’s test. P <0.05 was taken
as significant. Bivariate Pearson’s correlation was used to
determine relationship of BMI and circulating levels of
leptin, zinc and TRP. The relationship between circulating
levels of leptin, zinc and TRP was also analyzed by
Bivariate Pearson’s correlation test. All data were
analyzed by SPSS software version 20.0.

RESULTS

Table 1 the demographic characteristics including sex, age
group, BMI, education and residence of the 236 subjects
engaged in the present study was collected.
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Fig. 1 shows correlation between BMI and circulating
levels of leptin, zinc and TRP in obese subjects. There is a
significant positive (r= 0.524 p<0.01) correlation between
BMI and leptin, while, there is a significant negative
correlation between BMI and zinc (1= - 0.558 p<0.01),
BMI and TRP (r= - 0.669 p<0.01).
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Fig. 1: The relationship between BMI and leptin (A) BMI
and zinc (B), BMI and TRP (C). Values are mean + S.D.
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Fig. 2 shows correlation between leptin and zinc, leptin
and TRP in obese subjects. There is a significant negative
correlation between the leptin and zinc (=-0.492 p<0.01),
leptin and TRP (r=-0.698 p<0.01).

Fig. 3 shows levels of leptin (2A) zinc (2B) and
tryptophan (2C) in obese with IN, SA, IN+SA. Data on
leptin levels analyzed by one way ANOVA (F(3,232)
=430.51 P<0.05) showed significant difference between
sleep deficits and leptin in obese subjects. Tukey’s test
exhibited that serum levels of leptin were increased in
obese subjects with history of IN, SA, IN+SA than non-
obese with no history of sleep deficits. Levels of leptin
were significantly increased in SA than IN+SA and IN.
Similarly levels of leptin were also increased in IN than
IN+SA.

Noreen Samad et al

Data on zinc levels analyzed by one way ANOVA
(F(3,232)=218.87 p<0.05) showed significant difference
between sleep deficits and zinc in obese subjects.
Tukey’s test exhibited that serum levels of zinc were
decreased in obese subjects with history of IN, SA,
IN+SA than non-obese with no history of sleep deficits.
Levels of zinc were higher in IN than IN+SA, while lower
in SA than IN.

Data on TRP levels analyzed by one way ANOVA
(F(3,232)= 430.51P<0.05) showed significant difference
between sleep deficits and TRP. Tukey’s test exhibited
that serum levels of tryptophan were decreased in obese
subjects with history of IN, SA and IN+SA than non-
obese with no history of sleep deficits. The levels of TRP
were increased in SA than IN and IN+SA, while
decreased in IN than IN+SA.

DISCUSSION

Obesity produces a great affect on circulating levels of
leptin (Nimptsch & Pischon, 2016), zinc (Rathnayake et
al., 2016) and TRP subjects (Gatti et al., 1993), which is
also consistent with our present study (fig. 2A, 2B, 2C).
Extensive research data have revealed that obesity may
cause sleep disorders in which SA and IN have got major
attention (Sateia & Nowell, 2004). In this cross-sectional
study of obese subjects, we found that sleep deficits (IN,
SA, IN+SA) were associated with hyperleptinemia (fig.
3A), hypozincaemia (fig. 3B) and hypotryptophanemia
(fig. 3C). Novelty of the present study is that it compared
circulating levels of leptin, tryptophan, zinc and BMI
(table 1) in obese subjects with the history of sleep
disorders such as IN, SA and IN+SA. It is appear that SA
in obese subjects elevates leptin and lower tryptophan
levels than IN while IN increased the levels of zinc than
SA. The data also shows that IN+SA in obese subjects
lower the levels of leptin, and zinc while comparable
levels of TRP than IN and SA in obese subjects.

Epidemiological studies suggest that short sleep duration
is correlated with risk of developing obesity (Donga et al.,
2010). SA is the most common category of sleep
disordered breathing. At the level of throat, the human
airway is composed of collapsible walls of soft tissue that
can obstruct breathing during sleep. Individuals with low
muscle tone and soft tissue around the airway (e.g. those
with obesity) or those with structural features that give
rise to narrow airway are at high risk for obstructive sleep
apnea (OSA). The elderly are more likely to have OSA
than young people, and men are more likely to suffer SA
than women. The risk of OSA rises with increasing body
weight and age. IN is not a natural part of aging and is
often reversible with prompt and appropriate treatment
(Sateia & Nowell, 2004).

Pak. J. Pharm. Sci., Vol.30, No.4(Suppl), July 2017, pp.1431-1438

1433



Serum levels of leptin, zinc and tryptophan in obese subjects with sleep deficits

100000.00— A 12.004 B
80000.00— -
»
, 60000.00 ‘ o
c ] [/
W e ‘.. .
40000.00— e
L] ' ]
]
20000.00 % !.‘
. & 8
iy T T T T
ﬂ'ﬂ 2u'nn 10 'uu - qu 00 20.00 40.00 60.00
Leptin Leptin
12.00-
10.00—
8.00—
i
X 6.00
4.00—
2.00—
00

I
10.00

I
20.00

I I
30.00 40.00

BMI

Fig. 2: The relationship between leptin and zinc (A), leptin and TRP (B). Values are mean_+ S.D.

A role of leptin in the regulation of BMI is well
documented. A number of studies show that information
on adipocyte metabolism and body weight to the appetite
centers in the hypothalamic regions of the brain is
communicated by leptin. These studies reported that
treatment of leptin-deficient ob/ob mice with recombinant
leptin decreases food intake and increases energy
expenditure leptin (Campfield et al., 1995). The present
data (fig. 1A) and previous studies (Motivala et al., 2004)
showed that circulating levels of leptin are elevated with
increased BMI (table 1).

The association between sleep deficits and leptin is still
unclear. Our finding, however, are in general agreement
with results from some (Pejovic et al., 2010), though not
all (Knutson, 2010), studies that have assessed leptin
concentration in relation to habitual sleep duration or
acute sleep deprivation among men and women. The
association between leptin and sleep disorder remained
significant after adjusting for BMI and age (fig. 1A, table
1, AARC-APT., 1995).

Leptin is produced by adipocytes and is believed to
contribute to the central regulation of food intake
(Mantzoros et al., 2011). Its reduction may contribute to
the development of obesity. Except for very rare genetic
syndrome, obesity is associated with highly elevated
serum levels of leptin due to leptin resistance. Human
studies with normal subjects observed an increase in
serum leptin with sleep restriction but not in controls
(Van Leeuwen et al., 2010). Previous study has shown
that circulating levels of leptin were higher in SA than IN
and IN+SA in diabetic patients (Jain et al., 2012), other
studies also showed comparable increase of circulating
levels of leptin in chronic IN than control (Motivala et al.,
2009). The present study is also consistent with previous
studies (Jain et al., 2012) that SA is increased circulating
levels of leptin than IN and IN+SA in obese subjects (fig.
30).

Dietary precursor can influence the rate of synthesis and
function of small number of neurotransmitters, including
serotonin (Grimmett & Sillence, 2000). Evidences have

1434

Pak. J. Pharm. Sci., Vol.30, No.4(Suppl), July 2017, pp.1431-1438



revealed that diet may influence central nervous system
through the production of serotonin and melatonin (Van
Cauter & Tasali, 2011). Synthesis of serotonin is
dependent on its precursor availability in the brain, the
amino acid L-tryptophan. Tryptophan is transported
across the blood-brain barrier by a system that shares
other transporters including a number of large neutral
amino acid. Melatonin is a hormone released from the
pineal gland that transmits information regarding the
light-dark cycle and retinal light exposure result in a
suppression of melatonin (Halson, 2014). Melatonin can
influence the sleep-wake cycle, by a sleep promoting
effects, and therefore a number of nutritional
interventions aim to increased melatonin by the
manipulation of tryptophan (Pijl et al., 1993). Several
other studies examined plasma tryptophan concentration
and plasma tryptophan ratios in obese and lean subjects.
Almost all such studies measured a single time point.
Although plasma tryptophan levels are consistently lower
in obese (fig. 3C) than in lean subjects (Ashley et al.,
1985) [although not always (Breum et al., 1996), and to
remain low after weight reduction (Yunus et al., 1992).
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Fig. 3: Serum levels of leptin (A), zinc (B), and TRP (C)
in obese subject with insomnia and sleep apnea (IN+SA,
insomnia (IN), and sleep apnea (SA). Values are mean_+
S.D.

Previous work has been shown that both low levels of
TRP (Yunus et al., 1992) and serotonin (Hrycaj et al.,
1993) in the serum and low levels of TRP and 5-
hydroxytryptophan (SHTP) in the cerebrospinal fluid
(CSF) were found in fibromyalgia syndrome, which is
also characterized by non-restorative sleep, such as IN.

Noreen Samad et al

Studies also examined that serotonin substrate
supplementation via L- TRP (Hudson et al., 2005) or
serotonin (Juhl, 1998) has been shown to improve
depression, anxiety and sleep deficits. The relationship of
leptin, TRP and serotonin has reported in various studies
(Haque et al., 2002). Present study indicates that sleep
deficits increased leptin (fig. 3A) and decreased TRP (fig.
3C) in obese subjects. Elevated leptin or leptin resistance
and lower TRP levels may play crucial role in
accelerating the development of physiological problem in
obese subjects (fig. 2C). The present data also shows that
IN causes a greater decrease of serum TRP levels than SA
and IN+SA in obese subjects (fig. 3C). A decreased in
circulating levels of TRP was also found in depressed
patients (Lindseth et al., 2015). Previously it has also
been examined that patients with chronic IN have
decreased levels of tryptophan (Sarris & Byrne 2011).
The present study is also in agreement with the previous
report and suggests that IN exhibit greater decrease in
TRP levels in obese subjects (fig. 3C), with increased
BMI (fig. 3A, table 1) which may also contribute in
severe depression than IN+SA and SA in obese subjects.

Zinc ions are important modulators and signaling
molecules in the central nervous system influencing
monoaminergic, endocrine and immune system. In human
low level of zinc is associated with dysphoria, lethargy,
anxiety, maladaptive effects of regulation, anhedonic,
anorexia, impairment of taste and smell and impaired
cognitive  functions  (Lustberg & Reynolds, 2000).
However, little is known on the impact of plasma zinc
concentration on clinical features of depression.

Epidemiological studies have indicated that people with
sleep disturbance are much more likely to require health
care, which imposes a substantial economic burden on
individuals and health care system. Sleep disorder impairs
normal day time functioning as a result of sleep
insufficiency. These impairments generally include
fatigue, irritability, poorer memory and concentration and
malaise (Morselli et al., 2010). A greater incidence of
depression symptoms correlates with poor sleep quality or
chronic insomnia, disturbances that appear to be major
risk factors for depression (Swardfager et al., 2013). Zinc
not only exhibits an antidepressant-like activity, as stated
in preclinical (Lustberg & Reynolds, 2000) and clinical
(Rondanelli et al., 2011) studies, and also improves the
deficits of sleep (Carpenter et al., 2013). It is stated
previously (Chen & Lin, 2000) that deficiency of zinc is
found in obese subjects that are consistent with our study
(fig. 2B). Cabala et al. (2014), studied that there is no
association found between IN and zinc, while the present
data showed that obese subjects with IN have greater
levels of zinc than SA and IN+SA. It is suggested that,
although decreased levels of zinc exhibit depression with
obesity, its persistent decrease may also contribute to
sleep deficits.
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Table 1: Characteristics of non-obese (Normal), and obese patients with Insomnia (IN), sleep apnea (SA), and

insomnia + sleep apnea (IN+SA).

Characteristics Non-obese IN+SA IN SA
Sex (M/F) 15/15 25/46 31/40 29/35
Age (Years) 20-35 100 (100) 100 (100) 100 (100) 100 (100)
Body Mass Index (Kg/mz) 19.05+3.20 34.01+3.00 34.79+2.85 34.79+2.91
Education >25 years 52 (52) 49 (49) 35(35) 43(43)
<25years 48 (48) 51 (51) 65(65) 57(57)
Resident Urban Urban Urban Urban

Data presented as mean + SD or number (%).

Zinc deficiency is associated with reduced serum leptin
concentration in healthy human and rats (Cabala et al.,
2014). However, obese human and mice exhibit higher
leptin in tandem with lower zinc concentration in blood or
adipose tissues, suggesting of an interrelationship
between each factor in obesity (Chen & Lin, 2000).

Taken altogether, we report that obesity is a one of the
risk factor of sleep disorders. A circulating level of leptin
is elevated with increased BMI and has a significant
negative association with zinc and tryptophan. Similarly
obesity induced sleep curtailment also exhibit the same
effects on serum levels of leptin, zinc and tryptophan.

CONCLUSION

In conclusion hyperleptinemia, hypozincemia and
hypotrytophanemia are significantly associated with sleep
deficits (IN, SA, IN+SA) in obese subjects. Since
curtailment of sleep is highly prevalent in modern
societies, and its association with BMI, hyperleptinemia,
hypozincemia and hypotrytophanemia, and in turn, the
potential adverse impact on metabolic and endocrine
processes can have important implications. Our findings
underscores the importance of zinc and tryptophan
nutrition and metabolism in obesity and sleep disorders
and pledge future mechanism studies that examine
whether zinc and tryptophan supplementation can reduce
sleep curtailment and the related co-morbidities that occur
in obesity. Further studies in a large patient population are
needed to establish the role of altered levels of leptin, zinc
and TRP in the pathophysiology of IN, SA and IN+SA in
obese subjects.
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