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ABSTRACT

Individually, Nigella sativa (NS) and physical
training interventions have been shown to be
effective preventive and therapeutic strategies
for diabetes mellitus. However, the effect of
these in combination on bioindicators of dia-
betes has not yet been evaluated; there is little
information available in the literature. A sys-
tematic review was therefore performed to
assess any mutually potentiating impacts of NS
and physical training interventions in diabetic
subjects. A search was performed on this topic
in the PubMed, CINAHL, Google Scholar and
Web of Science databases for randomised, quasi-
randomised or non-randomised controlled tri-
als, studies with factorial or single-cohort pre-
post designs, case series as well as case reports.
The search terms encompassed various combi-
nations of the following: ‘‘exercise’’, ‘‘training’’,
‘‘physical activity’’, ‘‘NS’’, ‘‘treadmill’’, ‘‘swim-
ming’’, ‘‘Thymoquinone’’, ‘‘Nigellone’’, ‘‘caraway
oil’’ and ‘‘black seeds’’. Two reviewers screened
the abstracts of 202 identified publications
according to predetermined inclusion criteria—

i.e. papers published from 2009 onwards in the
English language, studies on human or animal
subjects, and the assessment of diabetic
bioindicators following the combined adminis-
tration of NS and exercise regimens in compar-
ison with just one of these interventions or
against controls. Despite the rich data available
regarding the effect of both interventions sep-
arately, two human studies and two animal
studies were ultimately included in the review.
However, the benefit of combined administra-
tion of NS and exercise regimens on glycemic
and lipidemic control was much more obvious
compared to exercise alone. In conclusion,
these findings suggested that combined admin-
istration of NS and exercise regimens could be
used as an effective adjuvant for oral antidia-
betic drugs in diabetes control.
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Key Summary Points

Diabetes mellitus is the most common
non-communicable disease worldwide.

Diabetes exerts a heavy economic burden
on society. This burden is related to health
system costs incurred by society in
managing the disease, indirect costs
resulting from productivity losses due to
patient disability and premature
mortality, time spent by family members
accompanying patients when seeking
care, and intangible costs (psychological
pain to the family and loved ones).

This review highlights an integrated
patient-centered approach using natural
and physical intervention with the
traditional approach to control diabetes
and/or its complications to achieve a
better outcome.

The study tries to find any significant
effect of combined Nigella sativa (NS) and
exercise on the diabetic profile.

The review includes a description of the
clinical and pharmaceutical merits of a
combined management strategy in
diabetes, which encompasses both
physical activity and NS.

The study found a significant effect of
Nigella sativa supplement and training on
the diabetic profile.

INTRODUCTION

Diabetes mellitus (DM) is the most common
chronic non-communicable metabolic syn-
drome that has been defined as a disease of the
twenty-first century [1]. Although there are
several different forms of DM, type II DM
(T2DM) is the most common type, as it
accounts for 90% of DM cases [2].

Lifestyle has been proposed to play a big role
in the development of T2DM, which might be
worsened by the lack of awareness of the disease
[3].

Since more than 80% of T2DM patients are
overweight, physical inactivity was considered
to be one of the most dangerous pandemics of
the twenty-first century before the advent of the
COVID-19 pandemic [4, 5].

Even more, the alarming rising rates of obe-
sity and physical inactivity as well as environ-
mental factors are expected to duplicate the
prevalence of T2DM in the next 20 years [6, 7].

T2DM is a very complex condition that can
lead to metabolic, biomechanical, physiologi-
cal, or psychosocial impairment [8]. Hypergly-
caemia is thought to persistently trigger long-
term complications of DM such as retinopathy,
nephropathy, osteopathy, neuropathy, otopa-
thy, cerebrovascular disease and peripheral
artery disease as well as other cognitive impair-
ments and dementia [9–14].

Over the last few years, many pharmacolog-
ical agents have been used for the treatment of
T2DM, and oral anti-hyperglycaemic therapies
aim to be effective in ameliorating hypergly-
caemic conditions [15].

However, several of these synthetic drugs do
not always provide satisfactory results and have
serious side effects such as weight gain, hypo-
glycaemia, gastrointestinal problems, impaired
bone micro-architecture, biochemical vitamin
B12 deficiency, and urinary tract infections,
predominantly in females [16]. In addition,
some of these medications can increase the
incidence of myocardial infarction, congestive
heart failure, and peripheral oedema, and they
are associated with an increased risk of car-
cinogenesis and even death after long-term use
[17]. Thus, managing DM without any side
effects is a challenge. Herbal plants and lifestyle
interventions, including exercise, have been
proven to be important in this respect [18–22].
Therefore, it is necessary for researchers to
investigate interventions that lead to the use of
comprehensive treatment approaches by T2DM
patients.
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Exercise directly impacts the cardiorespira-
tory system and enhances its performance [23].
It also promotes intracellular signalling path-
ways that facilitate mitochondrial biogenesis
and hypertrophy of skeletal muscle cells [24].
The benefits of adding exercise to routine clin-
ical management encompass life quality
enhancement as well as improvements in the
areas of all-cause mortality, neurocognitive
health, metabolic health, musculoskeletal
health, cardiovascular health and cancer [25].

Nigella sativa (NS) is an annual plant
belonging to the Ranunculaceae family. NS is
rich in many important nutrients, vitamins,
minerals, and chemical compounds that have
potential therapeutic effects [26]. The seeds are
mainly composed of protein, fat, and carbohy-
drates. The seeds contain fixed oil, alkaloids,
saponins, and essential (volatile) oil. The main
ingredient of NS is thymoquinone, and it is
considered an active compound in several
studies [27].

Many experimental and clinical studies have
shown reproducible preferable physiological as
well as pharmacological effects of NS, such as
antioxidant, antimicrobial, anti-inflammatory,
immunomodulatory, hypoglycemic and
hypolipidemic effects as well as an enhance-
ment of the cardiovascular profile [28–31].

The promising biological properties of NS
and/or its active ingredients make NS a strong
natural candidate for controlling DM and/or its
related complications, and this effect can be
magnified significantly and strengthened if
combined with another non-pharmacological
intervention.

Although data on the advantages of physical
activity and NS in a range of pathologies and
their risk factors are well documented when
each therapy is applied individually, whether
their actions are mutually potentiating has not
yet been investigated in detail. Only a few
studies have explored the use of both NS and
physical activity. Therefore, the objective of the
current review was to identify all studies that
have examined the combined effect of NS and
physical exercise used in combination on dia-
betic profiles.

METHODS

The two investigators formulated a search
strategy with the use of search words identified
from existing publications. The search was
conducted on December 27, 2021, and included
the PubMed, CINAHL, Google Scholar and Web
of Science databases; it did not incorporate any
filters for study design. Box A lists the inclusion
and exclusion parameters applied to the
screening process for the extracted citations
(Table 1). The chosen titles and abstracts were
acquired via the library system at Imam Abdul-
rahman bin Faisal University, through an
online search or by communicating with the
authors by email or through ResearchGate.
Obtained full texts underwent additional
screening in order to establish their aptness for
inclusion in the review; data relevant to the
review objectives were then retrieved. The sys-
tematic review followed the PRISMA guidelines
(Fig. 1). This review is based on previously
conducted studies and does not contain any

Table 1 Parameters determining the inclusion and
exclusion criteria

Inclusion

Population Humans or animal models

Intervention Studies assessing the combined effects of

NS and exercise interventions on

diabetic profiles

Outcome Changes in HbA1c, blood glucose, lipid

profile, anthropometric parameters,

HOMA

Study design Randomised controlled trials, quasi-

randomised controlled trials, non-

randomised controlled trials, factorial

designs, single-group pre-post designs,

case series and case reports

Exclusion Studies assessing the effects of general

healthy lifestyle programmes consisting

of dietary and exercise interventions;

observational studies

HOMA homeostatic model assessment, NS Nigella sativa
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new studies with human participants or animals
performed by any of the authors.

RESULTS

A total of 202 titles were retrieved from the
electronic search, of which 104 were duplicates.
The remaining underwent screening of the title
and abstracts, and publications that failed to
meet the inclusion criteria were discarded.
Dosing regimens of NS, together with four dif-
ferent physical activity regimens, were studied
in relation to diabetic profiles within the selec-
ted papers. All studies showed variation in the

NS dose, type of exercise, duration, and sample
size. Interestingly, combinations of both
modalities showed significant synergistic
effects.

Two papers were human studies, and their
findings showed significant improvements in
the metabolic and liver function profiles as well
as uric acid and inflammatory markers, as pre-
sented in Table 2. The other two studies were
animal studies, with the combined intervention
modalities appearing to be more effective than
exercise or NS supplement alone (Table 3).

Human Studies

The only two human studies included had a
randomised controlled trial design and were
published in 2011 and 2021. The total popula-
tion of the two human studies was 106 subjects;
51 and 35 were included in the NS and control
cohorts, respectively. Both studies recruited
individuals suffering from diabetes, although
the control group in the study by El-Shamy
et al. [32] comprised healthy subjects.

As indicated by Table 2, the formulations
and dosing regimens for NS in the two human
studies were not identical. Similarly, the length
of the intervention differed, with 8 weeks being
implemented by Jangjo-Borazjani et al. [33] and
24 weeks by El-Shamy et al. [32].

The reason that El-Shamy et al. [32] selected
a longer intervention period may have been the
application of NS extract as hot tea, which
presumably gave rise to a lower serum concen-
tration than when given in tablet form.

The exercise protocols used in these two
papers were also non-comparable. Jangjo-
Borazjani et al. [33] were unable to conclude
that any positive outcomes occurred with the
use of NS and exercise together, whereas El-
Shamy et al. [32] was clear about the beneficial
effects of the combination strategy.

Animal Studies

The publication dates of the two animal studies
were 2018 and 2019, and they included sample
sizes of between 32 and 35 animals. Swimming
regimes [34] and treadmill running [35] were

Fig. 1 PRISMA flow diagram illustrating the selection
process for identifying eligible records
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utilised as physical activity programs alongside
NS. In both animal studies, 8- to 11-week-old
male rats weighing between 208 and 244 g were
included. However, the characteristics of the
rodents, the physical activity regimens and the
type of NS used were dissimilar between these
two papers.

The length of the intervention was 4 weeks
in one study [34] while it was 8 weeks in the
second [35]. The treadmill used in the latter
animal study had an electric grid at the back of
the belt in order to persuade the rats to keep
running, and the longest exercise interval was
30 min. In that study, the intensity of the ses-
sion was heightened over 14 days to a peak of
25 m/min for 5 days [35].

For the rats which undertook physical exer-
cise in the form of swimming, no force was
applied, and 30 min of swimming were per-
formed in 30-cm-deep water at a temperature of
35 �C/week for 4 days [34].

DISCUSSION

Despite the low number of studies and the
variation in the study design that evaluates the
combined effects of NS with exercise on the
diabetic parameters, the overall findings were
encouraging and showed a significant positive

beneficial impact on glycemic, lipidemic, and
other metabolic-related parameters.

The absorption of glucose by the skeletal
musculature during physical activity requires
three stages. Firstly, the glucose is transported
via the circulation to the muscle; secondly, it
passes across muscle cell membranes; and
finally, it undergoes intracellular phosphoryla-
tion [36]. Physical training recruits an alterna-
tive messenger pathway, potentially arising
from a rise in calcium titres following nerve cell
activation or as a consequence of cellular energy
substrate adaptations, such as the conversion of
ADP to ATP. The latter occurs following the rise
in ATP utilisation via ATPase enzyme activity or
the synthesis of reactive oxygen and nitrogen
species [37]. Insulin and physical activities have
an additive effect that substantiates the theory
that they act via different pathways.

Baseline and glucose-induced insulin titres
become diminished following routine physical
activity sessions owing to a fall in insulin release
[38]. The presence of a minimum of two intra-
cellular processes responsible for the decline in
insulin secretion has been suggested by the
identification of proinsulin and glucokinase
mRNA downregulation—i.e. a decrease in insu-
lin manufacture and a fall in cellular sensitivity
to glucose, respectively [39].

Whilst exercise is being carried out, insulin-
dependent pathways facilitate the uptake of

Table 2 Summary of the metabolic effects of combined NS and exercises in human studies

Author, year,
reference

Sample
size

NS
intervention

Exercise
intervention

Intervention
duration

Outcome measures

El-Shamy et al.

2011 [32]

66 NS tea

extract in

hot water

5 g/d

Regular physical

activity

6 months Significant reductions in FBG,

HbA1c, AST, ALT, total serum

bilirubin, indirect serum bilirubin

and blood urea

Jangjo-

Borazjani et al.

2021 [33]

40 2 g NS as

crushed

seed

capsules

Resistance training

3 days a week

focused on large

muscle groups

8 weeks Significant reductions in HOMA-IR,

insulin, ESR and CRP

Significantly increased HDL,

HOMA-b/S

FBG fasting blood glucose, ESR erythrocyte sedimentation rate, AST aspartate aminotransferase, ALT alanine-amino-
transferase, HDL high-density lipoprotein-cholesterol, CRP C-reactive protein, IR insulin resistance, HOMA homeostatic
model assessment, NS Nigella sativa
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glucose into the exerting skeletal musculature
[40].

The effects of the activity are ongoing for
between 2 and 72 h; the observed fall in serum
glucose levels is correlated with the duration of
the physical activity and its vigour [41]. The
activity of the pancreatic beta cells is promoted
by habitual exercise sessions, together with
enhancements in insulin sensitivity [42] and
the performance of the vasculature [43]. These
are all factors which improve the metabolic
profile and well-being of individuals with dia-
betes and diminish their risk of complications.

The way in which physical exercise lowers
serum glucose and lipid titres is likely to be a
result of a range of factors. One factor is the
form of activity undertaken—e.g. aerobic or
resistance, or a combination, or yoga or Tai Chi,
amongst others. Exercise parameters—e.g.
degree of effort, time, how often (i.e. regular
versus bout, and post-exercise routines)—are
also determinants, together with whether the
activity is performed on dry land or in water,
and the climatic conditions. The general status
of the individual, such as age, gender, body
mass index (BMI) and the degree of pathological
progression—i.e. early, middle or late stage—are
also influential.

Most of the studies included in this review
followed the recommendations relating to aer-
obic exercise [44].

A number of researchers have investigated
the way in which physical activity enhances the
lipid profile—e.g. leading to elevated HDL titres
and a decline in LDL and TG concentrations.
One mechanism which has been demonstrated
is the heightened resistance of LDL to oxidation
[45]. In individuals with diabetes, rising levels
of LDL and a fall in HDL comprise risk factors
for cardiovascular pathologies.

There is a propensity for LDL to accrue
within the walls of the vasculature, thus pre-
cipitating cardiovascular insults [46]. In con-
trast, arterial lipid accretion is mitigated against
by HDL-C, as these lipids promote hepatic
cholesterol uptake [47]. The way in which
physical activity can enhance lipid metabolism
may arise as a result of alterations in the activ-
ities of lipase enzymes—e.g. lipoprotein lipase
and hormone-sensitive lipase (HSL) [45]. The
latter, following phosphorylation and activa-
tion, is implicated in TG lipolysis within fatty
tissue, a pathway which results from a cascade
of intracellular signalling processes [45]. HSL
phosphorylation causes the enzyme to relocate
within fatty tissue cells from the cytosol to the
surfaces of intracellular lipid droplets, where it
catalyses lipolysis [45, 48]. A precursor event to
this is the phosphorylation of proteins—i.e.
perilipins contained within the fat droplets [49].
The breakdown of lipids is inhibited by non-
phospholipid perilipins, which separate HSL

Table 3 Summary of the metabolic effects of combined NS and exercises in animal studies

Author, year,
reference

Sample
size

NS
intervention

Exercise
intervention

Intervention
duration

Outcome measures

Hosseini et al. 2018

[34]

32 100 mg/kg/

d

Peritoneal

NS

Swim 30 min per

session

4 d/week

4 weeks Significant reduction in Cho, TG,

VLDL, LDL

Significantly increased HDL

Babaei

Bonab and Tofighi

2019 [35]

35 NS 400 mg/

kg/d

Treadmill speed

10–25 m/min

30 min/d

5 d/week

58 incline

8 weeks Significant reduction in Cho, TG,

LDL, hemoglobin A1c index and

insulin resistance

Significantly increased HDL

Cho total cholesterol, HDL high-density lipoprotein-cholesterol, LDL low-density lipoprotein-cholesterol, TG triglyceride,
NS Nigella sativa
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and intracellular lipids [49]. The concentration
of fat droplets, mediated by phosphorylated
perilipins, may allow HSL to come into contact
with TG within the cell [49].

NS and its active components have been
found to have potent antioxidant properties
which potentiate their glucose-lowering action
[50]. In individuals with diabetes, these char-
acteristics may promote the maintenance of
pancreatic islet cells and the cellular pathways
which contribute to normoglycaemia. b-Cell
preservation has been documented on
histopathological assessment in many animal
models of diabetes in which NS or its extracts
have been administered, an observation associ-
ated with raised insulin titres [51].

In a hamster model of diabetes induced by
streptozotocin (STZ), NS oil led to a reduction in
glucose synthesis in the liver from antecedent
gluconeogenic compounds—e.g. alanine, glyc-
erol and lactate [52, 53]. Diminished gluco-
neogenesis was a potential mechanism cited in
order to explain the glucose-lowering effect of
NS oil in diabetes [53]. Meddah et al. postulated
that glucose absorption was attenuated follow-
ing the immediate in vitro suppression of elec-
trogenic glucose absorption in intestinal cells by
NS derivatives [54].

A notable enhancement of glucose uptake
equivalent to that of insulin was seen in cul-
tured cells from skeletal muscle lineages and
fatty tissue cells after 18 h of administration of
an ethanol extract of NS [55].

A flavonoid-like influence is a further sug-
gested mechanism of action—e.g. in in vitro
cultures, mirstin affects lipogenesis and the
passage of glucose across adipose tissue cell
membranes [56]. This compound is likely to
exert a specific effect on glucose absorption
activation via membrane lipid layer fluidity or
alteration in glucose transport; it is, therefore,
advantageous to individuals with diabetes,
leading to a fall in serum glucose levels and
weight reduction, which can be ascribed to the
flavonoids contained in NS [57].

Reported evidence showed that NS supple-
mentation diminishes serum glucose titres
through a number of mechanisms involving
changes in sensitivity to insulin, inhibition of
intestinal amylase, suppression of electrogenic

adsorption of glucose within the intestine,
stimulation of the AMP-activated adenosine
monophosphate-activated protein kinase
(AMPK) pathway and muscular glucose trans-
porter 4 amplification as a result of elevated
acetyl-CoA carboxylase phosphorylation
[57, 58].

Downregulation of the expression of glu-
cose-6-phosphatase and fructose 1,6-bisphos-
phatase, which function as gluconeogenic
enzymes, and a reduction in the manufacture of
glucose by the liver can occur following the
administration of thymoquinone [59]. This
compound also leads to the activation of the
AMPK pathway in skeletal muscle and the liver,
and the suppression of gluconeogenesis [60].
Research relating to gene expression has
demonstrated that NS operates as a peroxisome
proliferator-activated receptor gamma (PPAR-
gamma) gene agonist and can amplify its
activity [61]. Studies evaluating glucose
absorption have indicated that the sodium-
glucose cotransporter is suppressed by NS, a
phenomenon that may be mediated via the
inhibitory actions of its polyphenol con-
stituents [54].

The way in which NS influences lipid meta-
bolism is not yet clear. Nevertheless, the modes
of action proposed in earlier studies could be
implicated as both primary and secondary
mechanisms. It has been postulated that NS
reduces cholesterol titres via the promotion of
cholesterol elimination via the bile duct,
through the suppression of its manufacture
within liver cells, or by a combination of the
two [62]. Additionally, NS may inhibit the
absorption of cholesterol within the small
bowel [62].

A further potential way in which NS opti-
mises serum lipids is via its unsaturated fatty
acid components, which include palmitoleic,
oleic and linoleic acids in proportions of 10%,
20% and 50–60%, respectively [63]. Addition-
ally, polyunsaturated fatty acids, together with
phytosterols (e.g. beta-sitosterol), may con-
tribute to the cholesterol-reducing properties of
NS [64].

The abnormal lipid profile frequently linked
with T2DM could also be improved through the
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reduction in IR seen as a result of the antioxi-
dant properties of NS [65].

The principal mechanism underlying the
generation of increased IR is now considered to
be the presence of oxygen species (OS) and
reactive oxygen species [66]. Thus, the antioxi-
dant characteristics of NS have the potential to
suppress the peroxidation of lipids and to
enhance the activity of enzymes which con-
tribute to the breakdown of lipids [65]. A
number of studies have documented the glu-
cose-lowering properties of NS and its efficacy in
enhancing lipid profiles, and have associated
these effects with its antioxidant traits [67, 68].
These natural products may exert a prophylactic
influence with respect to lipid abnormalities via
a reduction in the activity of HMG-CoA reduc-
tase within the liver, the amplification of
esterase activities, and their governing actions
on genes that regulate the breakdown of
cholesterol and antioxidant pathways [69].
Furthermore, the promotion of a normogly-
caemic status and more favourable lipid ratios
are linked with weight reduction, the latter
potentially occurring as a result of an impact of
NS on appetite suppression and, consequently,
on energy intake, which in turn enhances
serum glucose and lipid parameters.

CONCLUSION

The critique of the small number of studies
included in the review pertaining to the com-
bined use of NS and physical activity (aerobic or
resistance) in subjects with T2DM may be a
valuable addition to conventional diabetic
therapy. The mechanism of the effect of NS
supplement and training on glucose breakdown
is due to insulin-like muscle contractions that
simultaneously send a large amount of glucose
with the components of NS into the cell. In
addition, muscle contraction potential increa-
ses transmembrane glucose permeability and
increases the amount of GLUT4 in trained
muscles stimulated with NS components, which
improves insulin function.

LIMITATIONS

Some of the limitations of this systematic
review are notable and must be considered. The
present review included studies that utilised
different durations and doses of NS as well as
exercise protocols. Besides that, only a small
number of relevant studies have been included,
and these studies have research design limita-
tions and limited phytochemical characterisa-
tion of the NS preparations used. Thus, the
present findings on the efficacies of supple-
mentation of NS in combination with exercise
should be interpreted with caution.

ACKNOWLEDGEMENTS

Funding. The study and journal’s Rapid
Service Fee was funded by the authors.

Authorship. Haider H. Al-Yammi and
Mohammed T. Al-Hariri meet the International
Committee of Medical Journal Editors (ICMJE)
criteria for authorship for this article, take
responsibility for the integrity of the work as a
whole, and have given their approval for this
version to be published.

Authors’ Contribution. Haider H. Al-Yammi
and Mohammed T. Al-Hariri have contributed
equally to this manuscript.

Disclosures. Haider H. Al-Yammi and
Mohammed T. Al-Hariri have no conflicts of
interest to declare.

Compliance with Ethics Guidelines. This
review is based on previously conducted studies
and does not contain any new studies with
human participants or animals performed by
any of the authors.

Data Availability. The study data are avail-
able from the corresponding author upon rea-
sonable request.

Open Access. This article is licensed under a
Creative Commons Attribution-NonCommercial

474 Diabetes Ther (2023) 14:467–478



4.0 International License, which permits any
non-commercial use, sharing, adaptation, distri-
bution and reproduction in any medium or for-
mat, as long as you give appropriate credit to the
original author(s) and the source, provide a link
to the Creative Commons licence, and indicate if
changes were made. The images or other third
party material in this article are included in the
article’s Creative Commons licence, unless indi-
cated otherwise in a credit line to the material. If
material is not included in the article’s Creative
Commons licence and your intended use is not
permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permis-
sion directly from the copyright holder. To
view a copy of this licence, visit http://
creativecommons.org/licenses/by-nc/4.0/.

REFERENCES

1. Akhter S. Low to no cost remedies for the manage-
ment of diabetes mellitus; global health concern.
J Diabetes Metab Disord. 2021;20:951–62.

2. Kahn BB. Type 2 diabetes: when insulin secretion
fails to compensate for insulin resistance. Cell.
1998;92:593–6.

3. Al-Hariri MT, Alhefnawi MAM, Istanbouli MJ,
Algehlani WAG. Glycemic control X invisible risk
factors among diabetic patients in Eastern Province.
GJHS. 2019;11:38.

4. AlKhafaji D, Al Argan R, Albahrani S, Al Elq A,
Albaker W, Al-Hariri M, et al. The impact of obesity
on hospitalized patients with COVID-19 infection
in the Eastern Province of Saudi Arabia. J Med Life.
2022;15:425–32.

5. Al-Hariri MT, Al-Hattami A. Extracurricular activi-
ties amongst health colleges students at the Imam
Abdulrahman Bin Faisal University. GJHS. 2018;10:
105.

6. Al-Hariri M. Life style activities and feeling state
responses in community sample of diabetic patients
in Eastern Providence Saudi Arabia. J Diabetes
Metab Disord. 2019;18:301–5.

7. Sidawi B, Al-Hariri MT. The importance of healthy
and sustainable built environments for vulnerable
groups of population. Built Environ J (BEJ).
2015;12:24–32.

8. Albaker WI, Al-Hariri MT, Al Elq AH, Alomair NA,
Alamoudi AS, Voutchkov N, Beneficial effects of
adding magnesium to desalinated drinking water
on metabolic and insulin resistance parameters
among patients with type 2 diabetes mellitus: a
randomized controlled clinical trial. npj Clean
Water. https://www.nature.com/articles/s41545-
022-00207-9. Cited 23 Nov 2022.

9. Stratton IM, Adler AI, Neil HAW, Matthews DR,
Manley SE, Cull CA, et al. Association of glycaemia
with macrovascular and microvascular complica-
tions of type 2 diabetes (UKPDS 35): prospective
observational study. BMJ Brit Med J. 2000;321:
405–12.

10. Al-Hariri M. The pathophysiological mechanisms of
diabetic otopathy. J Taibah Univ Med Sci. 2016;11:
401–3.

11. Al-Hariri MT, Al-Enazi AS, Alshammari DM,
Bahamdan AS, Al-Khtani SM, Al-Abdulwahab AA.
Descriptive study on the knowledge, attitudes and
practices regarding the diabetic foot. J Taibah Univ
Med Sci. 2017;12:492–6.

12. Al-Hariri M, Eldin TG, Abu-Hozaifa B, Elnour A.
Glycemic control and anti-osteopathic effect of
propolis in diabetic rats. Diabetes Metab Syndr
Obes. 2011;4:377–84.
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