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ABSRTACT

The impact of marijuana use on the micronutrient status remains largely unexplored. This knowledge gap may hinder the development of
comprehensive public health strategies and interventions aimed at promoting optimal nutritional status among marijuana users. This study aimed to
determine serum levels of vitamins E and C, magnesium, zinc, copper, and copper-to zinc ratio among marijuana smokers. Serum zinc, copper,
magnesium, vitamin E, and C were assayed in 60 regular marijuana users and 60 non-users of marijuana using Atomic Absorption Spectrophotometric
and spectrophotometric methods respectively. Only individuals who tested positive for the presence of cannabinoids in their urine using cannabis test
strips were recruited. The data generated were compared using Students' paired t-test and Analysis of Variance (ANOVA) at 95% confidence intervals
and at a 5% level of significance (p<0.05). Serum zinc, vitamin C, and E were significantly lower (p<0.001), while copper was higher among marijuana
smokers than non-smokers. Copper-to- zinc ratio was significantly higher (p<0.001) in marijuana smokers compared to non-smokers. There was no
significant difference in serum levels of magnesium between marijuana smokers and non-smokers. Serum zinc, vitamins C and E decreased while
serum copper increased with increasing duration of marijuana usage (p<0.05), but the differences in magnesium levels were insignificant. Findings
indicated significant differences in micro-nutrient levels among marijuana consumers compared to non-users, with lower zinc, vitamin C, and E and
increased copper levels. The increased copper-to-zinc ratio in marijuana users suggests an imbalance that could have broader health implications.
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Introduction

Marijuana is the most widely used illicit drug globally and has been
associated with various health effects. Marijuana ranked third among
the most popularly used drugs in Nigeria apart from alcohol and
cigarettes especially among young adults because of the low cost,
availability, and ease of cultivation 1. Despite being illegal, marijuana
production, distribution, and consumption rates remain high and are still
growing among Nigerians 1. Although marijuana is used for medicinal
purposes as an antioxidant, anticonvulsant, anti-inflammatory, and
neuroprotective, its harmful effects are also well known % Studies have
indicated that acute and chronic use of marijuana is associated with
several harmful health consequences, including marijuana dependence,
severe respiratory illnesses, impaired coordination and performance,
anxiety, suicidal/tendencies, cardiovascular, cerebrovascular, and high
occurrence of other psychiatric disorders 34 Apart from being linked
with many complications related to some organs of the human body and
social effects, there is growing interest in understanding the impact of
marijuana consumption on the nutritional status of individuals,
particularly about micronutrients®
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Micronutrients, which include vitamins and minerals, are essential for
various physiological functions. They play crucial roles in several
processes, from energy production and immune function to bone health
and blood clotting® . However, many people do not get enough of these
essential nutrients in their diet®. This can lead to micronutrient
deficiencies, which can have serious health consequences.

Copper, zinc, vitamin C, and E are essential elements required by the
human body for many biological reactions. Copper and zinc act as
cofactors in enzymatic reactions and also play a vital role in several
biochemical and metabolic processes. Magnesium is essential for
adequate immune function and regulating inflammation. Magnesium
deficiency may result in temporary or long-term immune dysfunction”®.
The main line of defense against potentially dangerous oxidation
processes is vitamin E and vitamin C, is a crucial component that
supports the antioxidant defense system by preventing lipid
peroxidation. Also, copper, zinc, and magnesium are important for lipid
metabolism®.

Interestingly, the impact of marijuana consumption on the
micronutrient status of consumers remains largely unexplored.
Deficiencies in these micronutrients can lead to serious health
consequences. This knowledge gap may hinder the development of
comprehensive public health strategies and interventions aimed at
promoting optimal nutritional status among marijuana users.
Furthermore, the method of marijuana consumption may influence
nutrient absorption and utilization, adding another layer of complexity
to this issue®!!, Therefore, there is a clear and urgent need to evaluate
the micronutrient status among marijuana consumers to inform
potential therapeutic interventions for this population. This study aimed
to determine serum levels of vitamins E and C, magnesium, zinc,
copper, and copper-to zinc ratio among marijuana users.

308

© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License


https://www.tjpps.org/
https://creativecommons.org/licenses/by/4.0/
mailto:mathias.emokpae@uniben.edu
http://www.doi.org/10.26538/tjpps/v4i7.4

Trop J Phytochem Pharm Sci, July 2025; 4(7): 308 - 313

Materials and Methods

Study Design/Population

This is a case-control study designed to determine some micronutrient
status among marijuana consumers. The subjects include smokers of
marijuana in Benin City, Edo State, Nigeria. The control subjects were
non-smokers of marijuana or cigarettes in the same locality. Evidence
of marijuana smoking was confirmed at smoking joints where
volunteers were certified by co-smokers as consumers for at least one
year. Only subjects who gave consent and met inclusion criteria were
enrolled in the study. A total of 120 participants were recruited for this
study. The participants include 60 marijuana smokers and 60
nonmarijuana smokers. Their age, sex, and duration of consumption of
marijuana were obtained by a semi-structured questionnaire.
Participants were notified several days before the commencement of the
study and given appropriate instructions. The age and sex of the
participants were recorded. All subjects were interviewed to establish
their level of literacy and assisted in filling out the questionnaire to
minimize errors.

Sociodemographic Data

Sociodemographic data were collected by an interviewer who
administered a structured questionnaire to determine the age,
educational levels, socioeconomic status, duration of marijuana use,
and quantity of marijuana consumed. Information on general health and
history of past disease(s) and habits like consumption of alcoholic
beverages and addictions were collected*?.

Inclusion Criteria

Adult human marijuana consumers and non-marijuana smokers above
the age of 18 years were included. Only individuals who tested positive
for the presence of cannabinoids in their urine using cannabis test
strips (ACRO BIOTECH diagnostics) were recruited. The control
group was non-smokers of marijuana/cigarettes, who tested negative
for the presence of cannabinoids and gave consent to participate in this
study.

Exclusion Criteria

Human marijuana consumers below the age of 18 years and above the
age of 65 years those with abdominal or gastric pain, and individuals
with nausea or vomiting were excluded. Also excluded are individuals
who are infected with HIV, Hepatitis B and C, Cancer patients, Diabetes
patients, individuals with Sickle Cell Disease, and Chronic Liver
Disease. Also excluded are individuals who smoke cigarettes and
marijuana.

Ethical Approval

Ethical approval was obtained from the Research Ethics Committee,
College of Medical Sciences, University of Benin, Benin City via letter
ref. CMS/REC/01/VOL.2/403 dated 20" August 2023. Informed
consent was obtained from each participant.

Sample Size

The sample size for this study was determined using the sample size
determination formula (n= Z2 P(1-P)/d?) for health studies®® and 2.5%
worldwide annual prevalence of marijuana use'*. The calculated sample
size was 38. However, 60 adults were recruited for the study while 60
healthy subjects who do not smoke marijuana or cigarettes were
enrolled as controls.

Sample Collection

Before the collection of blood specimens, random urine specimen was
collected and tested for the presence of cannabinoids using cannabis test
strips (ACRO BIOTECH diagnostics). Only those with positive strip
tests were further evaluated. About five (5 mL) of venous blood was
withdrawn from the antecubital vein of each subject using a sterile
needle and syringe and dispensed into a labeled and dry plain tube. The
specimen was allowed to clot at room temperature and was centrifuged
at 3000 rpm for 15 minutes. The serum was separated into another clean
labeled tube and kept frozen at -80°C until analyzed.
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Sample Analysis

Determination of zinc, copper, and magnesium levels was done using
an Atomic Absorption spectrophotometer (AAS), while vitamins E and
C were assayed by the spectrophotometric method as previously
described®®18,

Statistical Analysis

Data obtained from the study were analyzed using the statistical
software SPSS for Windows, version 17.0 (SPSS. Chicago, IL, USA).
Values obtained in this study are presented as the mean standard error
of mean (SEM). The data generated were compared using Students'
paired t-test and Analysis of Variance (ANOVA) at 95% confidence
intervals and at 5% level of significance (p-value 0.05).

Results and Discussion

Table 1 shows the sociodemographic and lifestyle characteristics of
study participants (marijuana smokers). Male participants were 54
(90%) while the female was 06 (10%). The mean + SD age of study
participants was 34.33+11.57 with a minimum age of 19 years and a
maximum of 58 years. Most of the participants (46.7%) were between
19-30 years followed closely by age group 31-45 (40%). The age group
46-60 had the lowest participation (13.3%). For the lifestyle
characteristics related to marijuana consumption, participants who had
been smoking marijuana for 1-10 years were the most frequent (66.7%),
followed by 11-20 years (20%), and lastly 21-30 years (13.3%). It was
also observed that 90% of participants consumed between 1-5 wraps of
marijuana daily while the other 10% consumed between 6-10 wraps
daily.

Table 1: Sociodemographic and Lifestyle Characteristics
of Marijuana Smokers

Variables Category Frequency  Percentage
(%)
Gender Male 54 90.0
Female 06 10.0
Age Range (Years) 19-30 28 46.7
31-45 24 40.0
46-60 08 133
Smoking Duration  1-10 40 66.7
(YYears)
11-20 12 20.0
21-30 08 133
Quantity (Wraps/day) 1-5 54 90.0
6-10 6 10.0

Table 2 shows the mean levels of copper, zinc,copper-to-zinc ratio, and
vitamins C and E among Adults Marijuana Smokers. Serum zinc,
vitamin C, and E were significantly lower (p<0.001), while copper was
higher among marijuana smokers than non-smokers. Copper-to- zinc
ratio was significantly higher (p<0.001) in marijuana smokers
compared to non-smokers. There was no significant difference in serum
levels of magnesium when compared between marijuana smokers and
non-smokers.

Table 3 shows that serum zinc, vitamins C and E decreased while serum
copper increased with increasing duration of marijuana usage (p<0.05),
but the differences in magnesium levels were not significant.
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Table 2: Comparison of mean levels of copper, zinc, and
copper-to-zinc ratio among Adults Marijuana Smokers (Mean

+ SD)
Measured Serum Marijuana Non-Smokers  p-
Parameters Smokers (n=60) Value
(n=60)

Zinc (pg/dL)

88.36+2.84 115.6+2.10 0.001
Copper (pg/dL)

135.18+2.80 112.06+2.50 0.001
Magnesium(ua/dL) - 550+10.50 20561080 0820
Cu/Zn ratio 1.53+0.02 0.96+0.03 0.001
Vitamin C (mg/dL) 0.90+0.21 1.6240.23 0.001
Vitamin E (ug/mL) 11.0240.18 15.82+0.70 0.001

Cu/Zn ratio=Copper-Zinc ratio

Table 3: Comparison of Measured micronutrient levels based
on the Duration of Marijuana consumption

Duration  1-10 Yrs 11-20Yrs 21-30Yrs F- P-
value value

No of 40 12 08

Subjects

Zn (Mg 87.240.10 86.2+0.05 84.1+0.08 351 0.05

/dL)

Cu (ug 132+0.04 133+0.05 138+0.08 3.82 0.05

/dL)

Mg (1g 2045.240.05 2056.1+0.08 2.23  0.20

L) 2042.240.10

CulZn 1.51+0.04 1.54+0.02 1.64+0.04* 3.19 0.05

ratio

Vitamin 1.00£0.01 0.88+0.02 0.82+0.03 320 0.05
Cc

(mg/dL)

Vitamin ~ 11.45+#0.18  11.00+0.05  10.60+0.08 3,51  0.05
E

(Mg/mL)

Zn-Zinc; Cu-Copper; Mg=magnesium; Cu/Zn ratio-Copper-Zinc ratio

Deficiencies in essential micronutrients such as zinc, magnesium,
vitamin C, and E could lead to health risks among marijuana smokers.
Most marijuana smokers in our setting may not get enough of these
essential nutrients in their diet due to adverse dietary habits. Previous
data indicated that marijuana use influences food intake, appetite, and
metabolism, yet human study on the impact of marijuana consumption
on the micronutrient status among Nigerians remains largely
unexplored. The widespread use of marijuana worldwide indicates that
developing evidence of its harmful effects is already a critical global
health issue'’. This study was designed to assess serum levels of
vitamins E and C, magnesium, zinc, and copper and calculate the
copper-to zinc ratio among marijuana users. It may help in the
development of public health strategies and interventions aimed at
promoting optimal nutritional status among marijuana users.

In this study, most of the participants are male (90%), with a small
proportion being female (10%). The high percentage of male
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participants is indicative of the higher prevalence of marijuana use
among males, which is consistent with global patterns of substance use.
Hormonal and metabolic differences between genders can impact
micro-nutrient levels. Research consistently shows higher rates of
marijuana use among men than women’-1%, It was reported that males
are more likely to use marijuana and other substances compared to
females”-?, Data from the 2019 National Cannabis Survey in Canada
showed that more men than women have used marijuana in the past
three months. Also, more men than women reported greater frequency
of marijuana in Canada®®. Furthermore, evidence from the US and
Europe also showed that more boys and men reported a greater
prevalence of marijuana use than girls and women®, Reports elsewhere
also indicated that males are more likely to use marijuana and other
substances compared to females!®, and men and women may have
different nutrient requirements and metabolisms, affecting how
marijuana use influences micro-nutrient levels?®,

Also, participants are primarily in the 19-30 age group (46.7%),
followed by 31-45 (40%), and 46-60 (13.3%). Younger individuals (19-
30 years) form the largest group, which is typical as this age group tends
to have higher rates of marijuana use. This is consistent with previous
studies. Age can affect nutrient metabolism, with younger individuals
potentially having different dietary habits and metabolic rates compared
to older individuals. Younger adults often have higher substance use
rates. Gelfand and Tangney?! reported that young adults (18-25 years)
have the highest rates of marijuana use. Nutrient metabolism also
changes with age, as seen in studies by Smith et al 22 which found that
nutrient absorption and metabolism can decline with age, potentially
influencing the impact of marijuana on nutrient status. On the contrary,
more middle-aged (50-64 years) and older adults (>65 years) were more
likely to engage in marijuana use than younger adults, but the age
differences in marijuana use patterns suggest that middle-aged and older
adults are more likely to engage in less risky marijuana use patterns
(consumption of highly potent concentrates) when compared to younger
adults®.

Furthermore, most participants have been smoking marijuana for 1-10
years (66.7%), with fewer participants in the 11-20 years (20%) and 21-
30 years (13.3%) categories. The duration of marijuana use is crucial
for understanding its long-term impact on micro-nutrient levels. Longer
duration correlated with more significant alterations in nutrient levels
due to cumulative exposure. Long-term marijuana use has been linked
to various health effects, including changes in nutrient levels. Yuan, et
al?* found that chronic marijuana users had altered levels of several
nutrients. The duration of use can exacerbate these effects, with longer
use potentially leading to more pronounced nutrient imbalances.

In addition, the participants smoke 1-5 wraps per day (90%), while a
small fraction smoke 6-10 wraps per day (10%). The quantity of
marijuana consumed daily can influence micro-nutrient levels, with
higher consumption potentially leading to more significant nutrient
imbalances due to increased exposure to marijuana compounds that can
affect nutrient absorption and metabolism. Higher consumption of
marijuana has been associated with greater health impacts. It was
reported that heavy marijuana use could lead to more significant
metabolic disturbances and nutrient imbalances compared to lighter
use?®. This is important when analyzing data, as higher daily intake
might correlate with lower levels of certain nutrients.

Similarly, the study correlates the blood zinc, copper, and magnesium
levels with duration of marijuana use. The results on the mean zinc
level in marijuana smokers are significantly lower compared to non-
smokers. This suggests that chronic marijuana use may lead to zinc
deficiency, impacting various physiological functions including
immune response and metabolism. This result is consistent with
previous findings by Vidot et al®®, which indicated lower serum zinc
levels in chronic marijuana users due to potential depletion and altered
dietary intake. The mean copper level in marijuana smokers was
significantly higher than in non-smokers. Elevated copper levels could
be attributed to metabolic changes or liver function alterations
associated with chronic marijuana use. Deficiencies in some
micronutrients such as zinc and vitamins were associated with health
challenges®?’. Copper and zinc are particularly important because they
play a vital role in physiological processes and suboptimal levels in the
circulation may have significant effects on the pathogenesis of
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metabolic diseases®. Some authors have reported that an imbalance in
serum zinc and copper homeostasis was linked with an increased risk
of cardiovascular diseases and diabetes, while an imbalance between Zn
and Cu concentrations resulted in oxidative stress and insulin
resistance?®. One study suggested that deficiencies in copper and zinc
were the strong risk factor for metabolic syndrome (MetS) among adult
Iranian subjects with normal weight?®. On the contrary, a meta-analysis
of several studies observed an inverse relationship between cannabis
smoking and diabetes mellitus®C.

In this study, participants were individuals who were regular marijuana
users who smoked 1 -5 wraps per day. Hall and Degenhardt® defined
regular marijuana use as taking marijuana 10 to 19 times monthly, while
heavy use was characterized as using it 20 times a month. It is
interesting to note that both regular and heavy use of marijuana are
associated with several health challenges. Over 420 chemicals are
reported to be present in marijuana and more than 60 of the chemicals
are cannabinoids®. About 20%-70% of tetra-hydro cannabinoids (THC)
are delivered through smoking, which is rapidly absorbed and reaches
high blood concentration quickly after inhalation through the lungs®.
THC has a long biological half-life of 18 h to 4 days because of its high
lipid solubility and a large volume of distribution®. It reaches the various
tissues and organs such as adipose tissue, liver, lung, and spleen.
Cannabinoids communicate directly with the human body via the
endocannabinoid system (CB1 and CB2) which is involved in the
regulation of various metabolism, intercellular communication,
appetite, memory, immune, and pain responses®.

Findings from this study also indicated that the mean serum levels of
both vitamin C and E were significantly lower in cannabis smokers than
in non-smokers. This is consistent with previous study®*. Marijuana
may influence the metabolism of vitamins and trace elements ranging
from their intestinal absorption to their bioavailability and elimination®.
The reasons for the lower levels of Vitamin C and E among marijuana
smokers are multifactorial. One plausible reason is the observation that
marijuana smokers tend to eat less healthy diets when compared with
non-smokers and may be prone to eating fewer fruits and vegetables
than non-smokers®. It should be noted that data on dietary consumption
was not gathered in this study. Even exposure of cigarette smoke to
plasma in-vitro was reported to deplete vitamin C present in the
plasma®. The formulation of Dietary Reference Intakes (DRIs) for
marijuana smokers is imperative to prevent micronutrient deficiencies,
maximize health, and improve the quality of life of consumers similar
to that of the Institute of Medicine, Food and Nutrition Board in the
USA®¥. Marijuana smokers may require supplementation of essential
micronutrients to avoid the risk of chronic diseases.

Data from this study revealed no significant difference in mean
magnesium levels between marijuana smokers and non-smokers. This
suggests that marijuana use may not directly influence serum
magnesium levels in this study population. This result is consistent with
the inconclusive findings on magnesium levels in marijuana users®.
The copper-to-zinc ratio is significantly higher in marijuana smokers
compared to non-smokers. This imbalance could indicate potential
health risks associated with altered nutrient ratio in chronic marijuana
users. Similar findings were noted in individuals with acute and chronic
conditions®, highlighting the importance of evaluating nutrient ratios
alongside individual micro-nutrient levels. An imbalance in the
copper/zinc homeostasis in young adults is a risk factor for marijuana
psychosis. It was found in an animal investigation that copper enhanced
the ability of marijuana to intensify barbiturate hypnosis. For one to two
weeks, the administration of a single dosage of copper significantly
postponed the development of tolerance to the hypothermic activity of
marijuana and partially suppressed tolerance to barbiturate hypnosis-
potentiation activity. Maintaining a proper copper/zinc balance might
be challenging for many mentally unstable people. Adverse reactions to
substances and foods are exacerbated by this significant homeostatic
imbalance. In addition to blocking key fatty acid pathways, deficiencies
in vitamin B groups, omega-6 and omega-3 fatty acids, and zinc and
copper can further raise the risk of psychosis®.

A comparison of the micronutrient levels based on the duration of
marijuana consumption indicated a gradual depletion of zinc, vitamin
C, and E levels with prolonged marijuana consumption. Chronic use
may affect zinc metabolism or absorption, leading to lower levels over
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time. This observation aligned with that of Smith et al.?2, which
indicated lower serum zinc levels in chronic marijuana users due to
potential depletion and altered dietary intake. On the other hand, copper
levels increased with a longer duration of marijuana use. This result
supported findings from Bidwell et al** who noted increased copper
levels in long-term marijuana users. Magnesium levels did not show
significant variation with different durations of marijuana use. The
stability of magnesium levels suggests that marijuana use duration does
not significantly impact magnesium status in this study population. This
could be due to homeostatic mechanisms maintaining magnesium
levels. This result is in consistent with Bidwell et al** who reviewed
inconclusive findings on magnesium levels in marijuana users. The
Cu/Zn ratio increases with the duration of marijuana use, which may
indicate a growing imbalance between copper and zinc levels with
prolonged marijuana use. This imbalance could affect immune function
and oxidative stress regulation.

Conclusion

The study highlights significant differences in micro-nutrient levels
among marijuana consumers compared to non-users, with lower zinc,
vitamin C, and E and increased copper levels. The elevated copper-to-
zinc ratio in marijuana users suggests an imbalance that could have
broader health implications.

Conflict of interest
The authors declare no conflict of interest

Authors’ Declaration

The authors hereby declare that the work presented in this article is
original and that any liability for claims relating to the content of this
article will be borne by them

References

1. Onodugo OD, Orjioke C, Obumneme BA, Ezeala-Adikaibe
BA, Chime P, Onodugo P N, Mbadiwe N, Obumneme-
Anyim IN, Ekochin F, Achor J, Ezeala-Adikaibe NP.
Correlates of Tobacco and Marijuana Use among Urban
Dwellers in Enugu, Nigeria. Open J Preventive Med,2019; 9:
80-94.https://doi.org/10.4236/0jpm.2019.970

2. Ford TC, Hayley AC, Downey LA, Parrott AC. Cannabis: an
overview of its adverse acute and chronic effects and its
implications. Curr. Drug Abuse Rev. 2017; 10: 6-18.
10.2174/1874473710666170712113042

3. Archie SR, Cucullo L. Harmful Effects of Smoking
Cannabis: A Cerebrovascular and Neurological Perspective.
Front Pharmacol. 2019; 6;10:1481. doi:
10.3389/fphar.2019.01481.

4. Chambers J, Keyhani S, Ling PM, Hoggatt KJ, Hasin D,
Nguyen N, Woods A, Ryder A, Cohen BE. Perceptions of
Safety of Daily Cannabis vs Tobacco Smoking and
Secondhand Smoke Exposure, 2017-2021. JAMA Netw
Open. 2023;6(8):€2328691. doi:
10.1001/jamanetworkopen.2023.28691. PMID: 37566411,
PMCID: PMC10422186.

5. Jagdale, Y.D.; Mahale, S.V.; Zohra, B.; Nayik, G.A.; Dar,
A.H.; Khan, K.A.; Abdi, G.; Karabagias, I.K. Nutritional
Profile and Potential Health Benefits of Super Foods: A
Review. Sustainability 2021, 13, 9240.
https://doi.org/10.3390/5u13169240

6. Godswill AG, Somtochukwu 1V, Ikechukwu AO, Kate EC.
Health benefits of micronutrients (vitamins and minerals)
and their associated deficiency diseases: A systematic
review. Int J Food Scis, 2020; 3(1), 1-32.

7. Ashique S, Kumar S, Hussain A, Mishra N, Garg A, Gowda
BHJ, Farid A, Gupta G, Dua K, Taghizadeh-Hesary F. A
narrative review on the role of magnesium in immune
regulation, inflammation, infectious diseases, and cancer. J
Health Popul Nutr. 2023;42(1):74. doi: 10.1186/s41043-023-
00423-0. Erratum in: J Health Popul Nutr. 2023 Nov

311

© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License


https://doi.org/10.3390/su13169240

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Trop J Phytochem Pharm Sci, July 2025; 4(7): 308 - 313

2;42(1):117. doi: 10.1186/s41043-023-00461-8. PMID:
37501216; PMCID: PMC10375690.

Saberi-Karimian M, Orooji A, Taghizadeh N, Ekhteraee
Toosi MS, Ferns GA, Aghasizadeh M, Ghayour-Mobarhan
M. Curcumin's effect on serum zinc, copper and magnesium
levels in obese individuals. Avicenna J Phytomed.
2023;13(3):223-230. doi: 10.22038/AJP.2022.21517.

Eren V, Giiles O, Gékdal O, Eren U, Uniibol Aypak S. The
Effect of Dietary Organic Copper and Zinc Trace Minerals
on some Yield and Mineral Levels and Histological Structure
of Testes. Biol Trace Elem Res. 2024 Feb 29. doi:
10.1007/s12011-024-04114-7.

Rios-Lugo MJ, Madrigal-Arellano C, Gaytan-Hernandez D,
Hernandez-Mendoza H, Romero-Guzmén ET. Association
of serum zinc levels in overweight and obesity. Biol Trace
Elem Res. 2020a;198:51-57.

Franco C and Canzoniero LMT. Zinc homeostasis and redox
alterations in obesity. Front. Endocrinol.
2024;14:1273177.doi: 10.3389/fendo.2023.1273177

Health risks and benefits of alcohol consumption. Alcohol
Res Health. 2000;24(1):5-11.

Lwange SK, Lemeshow S. Sample Size Determination in
Health Studies: A Practical Manual. Geneva: World Health
Organization, IRIS; 1991.

World Health Organization. Cannabis in Alcohol, Drugs and
Addictive Behaviours Unit.
https://www.who.int/teams/mental-health-and-substance-
use/alcohol-drugs-and-addictive-behaviours/drugs-
psychoactive/cannabis. Accessed 12/07/2022

Saeed AM, Hamzah MJ and Ali NJM. Sensitive
spectrophotometric method for determination of Vitamins (C
and E). Int J Pharm Sci Res 2018; 9(8): 3373-77. doi:
10.13040/1JPSR.0975-8232.9(8).3373-77.

Emokpae MA and Moronkeji MA. Association of Copper-to
Zinc Ratio with Sperm Concentration among Males
Investigated for Infertility. J Infertil Reprod Biol, 2020; 8(3),
49-52. https://doi.org/10.47277/JIRB/8(3)/49

Segura LE, Levy NS, Mauro CM, Bruzelius E, Mauro PM,
Gutkind S et al. Gender Differences in Cannabis Outcomes
After Recreational Cannabis Legalization: A United States
Repeated Cross-sectional Study, 2008-2017. Int J Ment
Health Addiction (2024). https://doi.org/10.1007/s11469-
024-01271-7

Cuttler C, Mischley LK, Sexton M. Sex Differences in
Cannabis Use and Effects: A Cross-Sectional Survey of
Cannabis Users. Cannabis Cannabinoid Res. 2016,
1;1(1):166-175. doi: 10.1089/can.2016.0010.

Cousijn J, Nufiez AE, Filbey FM. Time to acknowledge the
mixed effects of cannabis on health: a summary and critical
review of the NASEM 2017 report on the health effects of
cannabis and cannabinoids. Addiction , 2018;113, 958—966.
doi: 10.1111/add.14084

Greaves L, Hemsing N. Sex and Gender Interactions on the
Use and Impact of Recreational Cannabis. Int J Environ Res
Public ~ Health. 2020 Jan  14;17(2):509. doi:
10.3390/ijerph17020509.

Gelfand AR and Tangney CC. Dietary quality differs among
cannabis use groups: data from the National Health and
nutrition examination survey 2005-16. Public Health Nutr.
2021;24, 3419-3427. doi: 10.1017/S1368980020001846
Smith L, Sherratt F, Barnett Y, Cao C, Tully MA, Koyanagi
A et al. Physical activity, sedentary behaviour and cannabis
use in 15, 822 US adults: cross-sectional analyses from
NHANES. Public Health 2021;193: 76-82. doi:
10.1016/j.puhe.2021.01.018

Livne O, Budney A, Borodovsky J, Shmulewitz D, Walsh C,
Struble CA et al. Age differences in patterns of cannabis use
among an online US sample of adults who consume cannabis
frequently. Am J Drug Alcohol Abuse. 2024;50(2):242-251.
doi: 10.1080/00952990.2024.2309340.

24.

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

3r.

38.

39.

40.

ISSN 2955-1226 (Print)
ISSN 2955-123(Electronic)

Yuan X, Wang J, Yang S, Gao M, Cao L et al. Effect of the
ketogenic diet on glycemic control, insulin resistance, and
lipid metabolism in patients with T2DM: a systematic review
and meta-analysis. Nutr. Diabetes, 2020; 10:10. doi:
10.1038/s41387-020-00142-z

United States Department of Agriculture (USDA). Assessing
the Nutritional Quality of the FDPIR Food Package.
https://www.fns.usda.gov/research/fdpir/food-package-hei-
2022 . Accessed 12/07/2024

Vidot DC, Bispo JB, Hlaing WM, Prado G, Messiah SE.
Moderate and vigorous physical activity patterns among
marijuana users: results from the 2007—-2014 National Health
and nutrition examination surveys. Drug Alcohol
Depend.2017; 178, 43-48. doi:
10.1016/j.drugalcdep.2017.05.004

Norouzi S, Adulcikas J, Sohal SS, Myers S. Zinc transporters
and insulin resistance: therapeutic implications for type 2
diabetes and metabolic disease. J Biomed Sci. 2017;24:87.
Hamasaki H, Kawashima Y, Yanai H. Serum Zn/Cu ratio is
associated with renal function, glycemic control, and
metabolic parameters in Japanese patients with and without
type 2 diabetes: a cross-sectional study. Front Endocrinol
(Lausanne) 2016;7:147

Darroudi S, Fereydouni N, Tayefi M, Esmaily H, Sadabadi
F, Khashyarmanesh Z et al. Altered serum zinc and copper
in lranian Adults who were of normal weight but
metabolically obese. Sci Rep. 2019;9

Alshaarawy O, Anthony JC. Cannabis smoking and diabetes
mellitus: results from meta-analysis with eight independent
replication samples. Epidemiology. 2015;26:597-600.

Hall W, Degenhardt L. Adverse health effects of non-
medical cannabis use. Lancet 2009;374, 1383-1391.
10.1016/S0140-6736(09)61037-0

Vandevenne M., Vandenbussche H., Verstraete A. Detection
time of drugs of abuse in urine. Acta Clin. Belg. 2000; 55,
323-333.10.1080/17843286.2000.11754319

Zou S, Kumar U. Cannabinoid receptors and the
endocannabinoid system: signaling and function in the
central nervous system. Int. J. Mol. Sci. 2018;19, 833.
10.3390/ijms19030833

Ezeugwunne IP, Okwara JE, Onogwu S, Ogbodo EC,
Onuora 1J, Analike RA et al. Effect of cannabis smoking on
Vitamin C and E levels of male cannabis smokers in Nnewi,
Nigeria. Panacea J Med Scis, 2019;9(1):15-18.
https://10.18231/j.pjms.2019.005

Louise W. Lu, Yao Gao, Siew-Young Quek, Meika Foster,
Charles T. Eason, Min Liu, Mingfu Wang, Jie-Hua et al. The
landscape of potential health benefits of carotenoids as
natural supportive therapeutics in protecting against
Coronavirus infection. Biomed Pharmacotherap 2022;154,
113625.

Nutrition Information Centre University of Stellenbosch
(NICUS). Smoking and Vitamin C: Clarifying the concerns.
Division of Human Nutrition, Tygerberg, 7505, South
Africa. http://www.sun.ac.za/nicus/

Barr Sl, Murphy SP, Poos MI. Interpreting and using the
Dietary References Intakes in dietary assessment of
individuals and groups. Journal of the Academy of Nutrition
and Dietetics, 2002;102(6):780-788.
https://doi.org/10.1016/S0002-8223(02)90177-X

Morad D, Bernstein N. Response of Medical Cannabis to
Magnesium (Mg) Supply at the Vegetative Growth Phase.
Plants (Basel). 2023;12(14):2676. doi:
10.3390/plants12142676.

Escobedo-Monge MF, Barrado E, Parodi-Roman J,
Escobedo-Monge MA, Torres-Hinojal MC, Marugan-
Miguelsanz JM. Copper/Zinc Ratio in Childhood and
Adolescence: A Review. Metabolites. 2023; 13(1):82.
https://doi.org/10.3390/metab013010082

Henquet C, Krabbendam L, Spauwen J, Kaplan C, Lieb R,
Wittchen HU et al. Prospective cohort study of cannabis use,

312

© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License


https://www.who.int/teams/mental-health-and-substance-use/alcohol-drugs-and-addictive-behaviours/drugs-psychoactive/cannabis
https://www.who.int/teams/mental-health-and-substance-use/alcohol-drugs-and-addictive-behaviours/drugs-psychoactive/cannabis
https://www.who.int/teams/mental-health-and-substance-use/alcohol-drugs-and-addictive-behaviours/drugs-psychoactive/cannabis
https://doi.org/10.47277/JIRB/8(3)/49
https://doi.org/10.1007/s11469-024-01271-7
https://doi.org/10.1007/s11469-024-01271-7
https://10.0.71.55/j.pjms.2019.005
http://www.sun.ac.za/nicus/
https://doi.org/10.1016/S0002-8223(02)90177-X
https://doi.org/10.3390/metabo13010082

Trop J Phytochem Pharm Sci, July 2025; 4(7): 308 - 313 ISSN 2955-1226 (Print)
ISSN 2955-123(Electronic)

predisposition for psychosis, and psychotic symptoms in
young people, BMJ 2004, 330:11 doi:
https://doi.org/10.1136/bm;.38267.664086.63

Bidwell LC, Martin-Willett R, Karoly HC. Advancing the
science on cannabis concentrates and behavioural health.
Drug  Alcohol Rev. 2021;40: 900-913.  doi:
10.1111/dar.13281

313
© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License


https://doi.org/10.1136/bmj.38267.664086.63

