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Purpose: Studies on the effect of body weight and coffee consumption on leptin, vitamin B12, 
and folic acid are scarce and conflicting. This study investigates the effect of body weight and/or 
coffee consumption rate on the serum levels of these molecules in healthy young adult males.
Patients and Methods: This observational cross-sectional study was carried out at the faculty of 
pharmacy, Applied Science Private University (ASU), Amman, Jordan, from July to 
September 2020. Young healthy males were invited to participate in the study and fill 
a questionnaire regarding lifestyle habits including coffee consumption during the last 3 months, 
medical history, and anthropometric measurements. Depending on BMI and extent of coffee 
consumption, participants were divided into 4 groups; normal body weight and moderate coffee 
consumption (NW/MCC) group; normal body weight and heavy coffee consumption (NW/HCC) 
group; overweight and moderate coffee consumption (OW/MCC) group; overweight and heavy 
coffee consumption (OW/HCC) group. Serum samples were taken to measure leptin, vitamin B12, 
and folic acid levels in addition to morning and midnight salivary cortisol and dehydroepiandros-
terone (DHEA) samples.
Results: Healthy males (n = 122) aged 18 to 26 years continued participation in this study. Serum 
levels of leptin in NW/MCC, NW/HCC, OW/MCC, OW/HCC groups were 5.93, 5.75, 14.86, 
16.79 ng/mL, respectively. Serum levels of vitamin B12 in these groups were 356.09, 402.71, 
334.25, 331.05 pg/mL, respectively. While, the serum levels of folic acid were 8.92, 10.27, 10.12, 
10.47 ng/mL, respectively. Body weight was positively associated with leptin (p = 0.00), negatively 
associated with vitamin B12 (p = 0.047), and not associated with folic acid (p = 0.235). Coffee 
consumption rate had no significant effect on leptin, vitamin B12, or folic acid. Finally, the 
combination of body weight and coffee consumption had no significant effect on leptin, vitamin 
B12, or folic acid.
Conclusion: There was no possible synergistic effect between body weight and coffee 
consumption rate on leptin, vitamin B12, or folic acid levels. However, overweight was 
associated with higher leptin, lower vitamin B12, and no change in folic acid levels.
Trial Registration: This trial was registered at clinicaltrials.gov as NCT04488731.
Keywords: leptin, vitamin B12, folic acid, homocysteine, body weight, coffee consumption, 
BMI, obesity, overweight

Introduction
People’s lifestyles keep changing in several aspects including types of foods and 
drinks they consume. Reliance on fast food and high-calorie drinks and diets is 
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increasing nowadays and this consequently has expanded 
the prevalence of weight gain and obesity globally.1 

Obesity is a chronic medical problem that affects approxi-
mately 500 million adults worldwide.2,3 It is a major risk 
factor for several diseases such as type 2 diabetes mellitus 
(T2DM), dyslipidemia, coronary heart diseases, hyperten-
sion, osteoarthritis, and some types of cancer.4–6 Another 
aspect of changing lifestyle is the increase in coffee con-
sumption rate (CCR) which is now one of the most con-
sumed beverages universally.7,8 A 2019 coffee consumer 
trends report by the National Coffee Association shows 
that 63% of US adults drink coffee daily with an average 
consumption of 3.1 cups/day.7 In Europe, the average 
coffee intake is 5 kg/year with Finland being the highest 
with a consumption rate of 11 kg/year.8

Coffee’s effect on health has attracted great 
attention9–11 because it is associated with a lower risk of 
cardiovascular and liver diseases, T2DM, obesity, inflam-
mation, and certain types of cancer. It has also been 
associated with lower mortality rates.8,12–14 Multiple stu-
dies have shown that the daily consumption of four or 
more cups of coffee is correlated with a lower risk of 
T2DM.15 Other studies demonstrated that one cup of cof-
fee daily resulted in a 15% reduction in risk of death from 
chronic liver disease.16 Coffee consumption was also 
related to longer telomeres and slower cellular aging17 

with beneficial effects for Alzheimer’s disease and cogni-
tive impairment.18 On the other hand, several studies did 
not rule out CCR as a significant risk factor for coronary 
heart disease,19,20 and some cross-sectional studies found 
a positive association between CCR and total cholesterol 
(TC).21 Similarly, a large cohort study observed a positive 
association between CCR and all-cause mortality in men 
and women younger than 55 years and suggested that 
younger people must avoid heavy coffee consumption 
(>4 cups daily).22 Moreover, previous studies showed 
that heavy coffee intake increases homocysteine, 
a known risk factor for coronary and peripheral vascular 
disease,23 while abstention from coffee reduces it.24 The 
controversy between the beneficial and harmful effects of 
coffee may be due to multiple ingredients present in the 
coffee, such as caffeine, diterpenes, and chlorogenic acid 
that have different biological actions.20 Besides that, it was 
suggested there is a J-shaped relationship between CCR 
and health outcomes in which moderate consumption is 
beneficial, whereas heavy consumption is detrimental.21,22

Leptin, an adipokine hormone,25,26 plays an important 
role in the regulation of appetite, energy expenditure by 

inhibiting hunger and reducing food intake, which in turn 
diminishes the body weight (BW) and fat storage in 
adipocytes.25,27 Moreover, leptin is involved in the regula-
tion of sexual maturity and reproduction, cardiovascular 
functions, metabolisms, and stress response.26,28,29 

Circulating leptin levels are directly proportional to the 
amount of body fat and weight,25 and the levels increase 
with age and decrease during fasting and starvation.30 

Obesity is associated with high levels of leptin, which is 
considered as an important obesity marker.31 However, 
leptin resistance occurs, leading to the inability to reach 
satiety despite high-energy stores and high levels of leptin. 
Excess leptin has been associated with many obesity- 
related diseases, such as hypertension, cardiovascular dis-
eases, and infertility.26 Some studies claimed that caffeine, 
a major constituent in coffee, has anti-obesity properties 
through stimulation of sympathetic nervous which leads to 
increased thermogenesis and fat oxidation and possibly 
down-regulation of leptin release.32 However, studies on 
the effect of CCR on leptin are rare and conflicting, and 
more investigation is required.2

Folic acid and vitamin B12 are other examples of 
endogenous molecules that are essential for many bio-
chemical processes in the human body. They are related 
to each other in a metabolic pathway called folate- 
dependent one-carbon metabolism.33 In this pathway, 
folic acid is a precursor for the biologically active form 
of folate known as tetrahydrofolate, which is necessary for 
every cell for the synthesis of DNA, RNA, and proteins.34 

On the other hand, vitamin B12 in this one-carbon meta-
bolism acts as an important cofactor for an enzyme called 
methionine synthase. This enzyme converts homocysteine 
to methionine utilizing methyl group from 5-methyl tetra-
hydrofolate, the most abundant form of folate in the 
human body.33,35 This step is important in formation of 
S-adenosyl methionine (SAM) a methyl donor needed in 
various metabolic pathways and in decreasing homocys-
teine level, a known risk factor for coronary and peripheral 
vascular diseases that increases during coffee 
consumption.36 Folate deficiency has been implicated in 
neural tube birth defects, anemia, vascular disease, cancer, 
and neurological disorders.34,37,38 Vitamin B12 deficiency 
causes megaloblastic anemia and neurological functions 
impairment leading to peripheral neuropathy, cognitive 
decline.39,40

Leptin, vitamin B12, and folate play important roles in the 
development of obesity.31,41–43 It has been found that over-
weight young men are more likely to have a risk for vitamin 
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B12 deficiency.43 Moreover, obese subjects were found to 
have higher plasma homocysteine than non-obese controls 
and the serum leptin levels are positively related to these 
homocysteine levels44 but negatively related to folate.42 

Recently, a study conducted on young males observed, regard-
less of smoking behavior, that CCR was positively associated 
with vitamin B12 and folic acid levels.45 On the other hand, 
studies on the effect of CCR on leptin, as a main obesity 
marker, are scarce and controversial.11,14,32,46 Furthermore, 
a potential synergistic association between CCR and vitamin 
B12 levels on obesity markers, particularly leptin, is not clear 
in overweight and obese young men. Expected changes in 
serum leptin levels may clarify some of the ambiguity resulted 
from the interrelationship between CCR and body weight. 
Therefore, the current study was designed to evaluate the 
combined effect of body weight and CCR on serum levels of 
leptin, vitamin B12, and folic acid in healthy young adult 
males. Moreover, several hematological and biochemical 
parameters were measured in our study to determine which 
of them affect the associations of interest.

Patients and Methods
Study Design
This observational cross-sectional study was carried out at 
the faculty of pharmacy, Applied Science Private 
University (ASU), Amman, Jordan, from July to 
September 2020. Young male bachelor’s and master’s stu-
dents between the age of 18–26 years were invited to 
participate in the study through social media. Inclusion 
criteria for the study were male, ASU students between 18 
and 26 years of age, and not having any acute or chronic 
illnesses. While, the exclusion criteria were a person who 
used any drug or supplement intermittently or continuously 
during the period of three months before the commence-
ment of the study; recent dieting; or weight change of more 
than 5 kg in the past 3 months. The study was conducted 
according to the Declaration of Helsinki for the protection 
of human subjects and approved by the IRB and ethics 
committee at ASU with IRB approval number 2020-PHA 
-19. Moreover, the protocol of this study was registered in 
ClinicalTrials.gov with approval number NCT04488731. 
All participants were informed about study purposes, 
requirements, benefits and risks, and freedom to quit from 
the study at any time and then signed written consent forms. 
Then, participants with a help from research assistants filled 
a validated comprehensive questionnaire regarding lifestyle 
habits including coffee consumption45,47 during the last 3 

months, medical history, and anthropometric measure-
ments. Participants were considered to have normal weight 
(NW) if BMI is between 18.5 and 24.9 and overweight 
(OW) if the BMI is between 25 and 29.9 kg/m2. 
Regarding the extent of coffee consumption, participants 
were considered moderate coffee consumers (MCC) if they 
drink 1–2 cups/day and heavy coffee consumers (HCC) if 
they drink ≥3 cups/day. Depending on BMI and CCR, 
participants were divided into 4 groups; normal body 
weight and moderate coffee consumption (NW/MCC) 
group; normal body weight and heavy coffee consumption 
(NW/HCC) group; overweight and moderate coffee con-
sumption (OW/MCC) group; overweight and heavy coffee 
consumption (OW/HCC) group. A non-coffee consumers 
group was not included in this study because only five 
subjects were not consuming coffee, and this number was 
not considered statistically reliable to be a control group. 
Moreover, these subjects were even supposed to be distrib-
uted into NW and OW control groups. Blood and saliva 
samples were taken from participants in each group for 
measurement of hematological and biochemical para-
meters, and determination of the effect of BMI and CCR 
on serum levels of leptin, vitamin B12, and folic acid.

The required sample size for this study was calculated 
using popular sample size calculators such as the one used 
by Creative Research Systems (www.surveysystem.com/ 
sscalc.htm). Based on that and at a confidence level of 
95% and margin of error of 10% for a population size 
equal to 3000 ASU students at the time of the study, the 
required sample size will be around 100 participants. Similar 
sample size was also adopted in previous studies.2,45

Anthropometric Measurements
Body weight was measured with a digital balance with 
subjects in a fasted state, and after emptying their bladder. 
Height was measured using a stadiometer while standing 
without shoes. BMI was calculated as weight (kilograms) 
divided by height (meters) squared.

Measurement and Standardization of 
Coffee Exposure
Data on coffee intake were obtained by asking participants 
through questionnaires about the type, amount, and fre-
quency of coffee intake. Unfiltered Turkish and Brazilian 
coffee are the most consumed types of coffee in Jordan and 
most of the participants drink these types of coffee. A cup of 
coffee is prepared by mixing 1–2 teaspoons (5–10 grams) of 
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fine coffee powder with 150 mL −200 mL of boiling water 
resulting in an amount of approximately 100–200 mg caf-
feine per cup. If a participant consumes a different type of 
coffee, the number of cups will be estimated in 
a standardized way depending on caffeine label claim (ie, 
each 150 mg caffeine is considered equivalent to 1 cup of 
coffee in our study).

Samples and Analysis
Blood and Saliva Samples
Fasting blood samples were collected from participants at 8 
a.m. in serum tubes with a clot activator (VACUETTE TUBE 
Serum Separator Clot Activator, from Greiner Bio-One 
International, Frickenhausen, Germany). Obtained serum 
was divided into several Eppendorf tubes (1 mL each) and 
stored at −20°C until time of analysis. Serum leptin levels 
were measured using an enzyme immunoassay kit (DRG 
Diagnostics, Marburg, Germany). Vitamin B12 and folic 
acid levels were determined by electrochemiluminescence 
immunoassay (ECLIA) kits using Cobas analyzer (Roche 
Diagnostics, Switzerland).

Serum levels of triglycerides, total cholesterol, and 
high-density lipoprotein cholesterol (HDL) were deter-
mined using enzymatic colorimetric tests (Linear 
Chemicals, Barcelona, Spain). Low-density lipoprotein 
cholesterol (LDL) was calculated using Friedwald’s for-
mula. Fasting blood glucose was measured by One Touch® 

meter (LifeScan, CA, USA).
Morning and night salivary cortisol and DHEA levels 

were measured by an enzyme-linked immunosorbent assay 
(ELISA) (SLV-2930 and SLV-3012, respectively, DRG 
International, NJ, USA). Procedures for salivary sample col-
lection, separation, and storing were performed in accor-
dance with similar study.48 All analyses were performed at 
Ibn Al-haytham medical laboratories, Amman, Jordan.

Blood Cell Counts and Hematological 
Parameters
Blood samples were collected into EDTA tubes. Complete 
blood count was performed using Cobas Micros-18 OT 
(LaRoche, France) for determination of total leukocytes 
count, differential leukocyte count, platelets count, hemo-
globin, hematocrit, and red blood cells indices.

Statistical Analysis
The statistical analyses were performed using IBM SPSS 
Statistics version 21 (New York, USA). Descriptive 

statistics for the study anthropometric and biochemical 
data were expressed as mean ± Std. deviation. The sig-
nificance of BMI and coffee consumption alone and in 
combination on the levels of leptin, vitamin B12, and 
folic acid in study groups was tested by two-way 
ANOVA using f-test. Multivariate analyses using stepwise 
multiple linear regressions were performed to test the 
effect of study independent variables such as anthropo-
metric, hematological, and biochemical parameters on the 
serum levels of leptin, vitamin B12, and folic acid as 
dependent variables. In all tests, the results were consid-
ered statistically significant when p < 0.05.

Results
A total number of 137 young adult male students at age of 18 to 
26 years responded to the invitation for study participation and 
filled the necessary questionnaire about their lifestyle habits 
including coffee consumption, medical history, and anthropo-
metric measurements. Six subjects were excluded because of 
their medical history, drug intake, not drinking coffee, or 
refusal to pursue participation in the study. The remaining 
131participants were enrolled and subdivided into four groups 
according to their BMI and CCR. The groups were as follows: 
NW/MCC group, NW/HCC group, OW/MCC group, OW/ 
HCC group. Nine participants were dropped from the study 
because of insufficient amounts of saliva samples required for 
analysis (Figure 1). The total number of participants who 
continued the study was 122. The mean age was 22.03 ± 
1.62 years, and the mean BMI was 25.68 ± 4.1 kg/m2 (range 
18.5–40.0). Anthropometric, hematological, and biochemical 
parameters for all study participants are presented in Table 1. 
Approximately 54% have normal BW according to BMI and 
46% are overweight. Sixty percent of participants were mod-
erate coffee consumers, while 40% were heavy coffee consu-
mers (Table 2). The final number and percentage of 
participants in each group were NW/MCC (n = 38, 31.1%), 
NW/HCC (n = 28, 23.0%), OW/MCC (n = 35, 28.7%), OW/ 
HCC (n = 21, 17.2%).

The Effect of BMI and Coffee 
Consumption on Serum Levels of Leptin
The mean serum leptin level in all study participants 
regardless of BW or CCR is 10.32 ng/mL. While, the 
mean leptin level is 5.85 ng/mL in participants with nor-
mal BW and 15.58 ng/mL in overweight participants. On 
the other hand and regardless of BW, the level of leptin is 
10.21 ng/mL in participants with moderate coffee 
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consumption and 10.48 ng/mL in participants with heavy 
coffee consumption (Table 3A).

To investigate the significance of the effect of BMI, 
CCR, and the interaction between BMI and CCR together 
on leptin levels, a two-way ANOVA test was conducted 
(Table 3B). The results showed that there was only 
a significant effect of BMI on leptin (P-value < 0.001), 
while CCR has no significant effect (p = 0.544). The 
interaction between BMI and CCR also has no significant 
effect on leptin levels (P-value = 0.466). Participants with 
higher BMI have higher leptin levels demonstrated the 
significant effect of BMI on leptin.

The Effect of BMI and Coffee Consumption 
on Serum Levels of Vitamin B12
The mean serum vitamin B12 level in all study partici-
pants regardless of BW or CCR is 356.22 pg/mL. The 
mean levels of vitamin B12 were higher in NW partici-
pants than their peers in the OW group (375.87 vs 333.05 
pg/mL). On the other hand and regardless of BW, the 
mean level of vitamin B12 is 345.62 pg/mL in participants 
with moderate coffee consumption and 372.00 pg/mL in 
participants with heavy coffee consumption (Table 4A).

The significance of the effect of BMI, coffee, and the 
interaction between BMI and coffee together on vitamin 
B12 levels was tested using two-way ANOVA (Table 4B). 
Only BMI had a significant effect on vitamin B12 levels 
(P-value = 0.046). Conversely, the proximity of the vita-
min B12 levels in NW/MCC and NW/HCC groups and in 
OW/MCC and OW/HCC groups supports the non- 
significant effect of the extent of coffee consumption on 
vitamin B12 levels.

The Effect of BMI and Coffee 
Consumption on Serum Levels of Folic 
Acid
The mean folic acid level in all participants included in the 
study is 9.84 ng/mL (Table 5A). Moderate coffee consu-
mers with normal body mass index (NW/MCC) have 
a level of 8.92 ng/mL, while the heavy coffee consumers 
have a level of 10.27 ng/mL (NW/HCC). On the other 
hand, OW/MCC and OW/HCC groups have the level of 
10.12 and 10.47 ng/mL, respectively.

Two-way ANOVA test (Table 5B) shows that the 
effects of BMI, coffee and the interaction between BMI 

Students filled the questionnaire then were assessed for BMI 
and coffee consumption during the last 3 months

N = 137

Excludeda

N = 6
Eligible participants enrolled in the study 

N = 131 

Dropped from the studyb

N = 9
Continued the study

N = 122

Normal body weight (NW)
N = 66

NW / MCC
N = 38

NW / HCC
N = 28

Overweight (OW)
N = 56

OW / MCC 
N = 35

OW / HCC
N = 21

Figure 1 Study flowchart. 
Notes: aSix subjects were excluded from the study because of medical history, drug intake, or refusal to pursue participation in the study. bNine subjects were dropped from 
the study because of insufficient saliva samples. 
Abbreviations: N, sample size; NW/MCC, participants with normal body weight and moderate coffee consumption; NW/HCC, participants with normal body weight and 
heavy coffee consumption; OW/MCC, overweight participants with moderate coffee consumption; OW/HCC, overweight participants with heavy coffee consumption.
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and coffee together on folic acid are not significant 
(P-values= 0.235, 0.152, and 0.398, respectively).

Multivariate Associations Between Study 
Independent Variables and Serum Levels 
of Leptin, Vitamin B12, and Folic Acid
To determine the anthropometric, hematological, and bio-
chemical factors that influence leptin, vitamin B12, folic 

acid in all study groups, multiple linear regressions 
through stepwise method were performed (Table 6).

NW/MCC Group
Stepwise regression analysis in NW/MCC group indi-
cated there is an influential relationship and a significant 
effect of the independent variable night salivary DHEA 
(N-DHEA) on leptin levels according to the multiple 
linear regression model indicators (R= 0.375, R2= 
0.141, P-value = 0.020). This model by its predictor 
N-DHEA explained 14.1% of the variance in leptin 
levels in NW/MCC group.

Vitamin B12 in this NW/MCC group was significantly 
influenced by morning salivary DHEA (M-DHEA) and 
RBC count according to the second multiple linear regres-
sion model indicators (R=0.538, R2=0.290, P-value= 
0.003). The second multiple linear regression model by 
its predictors explained approximately 29% of the variance 
in B12 levels in this group.

Folic acid levels in this group were not influenced by 
any factor from the anthropometric and biochemical para-
meters measured in this study.

Table 1 Anthropometric, Hematological and Biochemical Parameters for All Study Participants (N=122)

Parameters Minimum Maximum Mean Std. Deviation

Age (years) 18.00 26.00 22.03 1.62
Weight (kg) 55.00 112.00 79.06 13.78

Height (cm) 160.00 195.00 175.31 5.84

BMI (kg/m2) 18.50 40.00 25.68 4.10
Leptin (ng/mL) 1.00 39.70 10.32 9.10

Vitamin B12 (pg/mL) 108.00 760.00 356.22 126.46

Folic Acid (ng/mL) 3.26 19.04 9.85 3.20
FBG (mg/dL) 50.00 112.00 86.79 8.22

Total cholesterol (mg/dL) 117.00 268.00 176.30 30.26
TG (mg/dL) 63.00 346.00 127.96 50.30

HDL (mg/dL) 35.00 71.00 50.56 7.74

LDL (mg/dL) 29.00 216.00 103.78 29.74
WBC count (× 109/L) 1.90 11.10 5.89 1.67

RBC count (× 1012/L) 3.82 8.20 5.27 0.66

Hemoglobin (g/dL) 12.40 19.40 15.96 1.17
PCV (%) 33.40 58.50 46.43 4.52

MCV (fL) 65.00 98.00 87.16 4.29

MCH (pg) 14.70 35.40 30.03 2.71
MCHC (g/dL) 25.50 41.20 34.49 2.15

Morning salivary Cortisol (nmol/l) 2.00 18.00 9.10 3.36

Night salivary cortisol (nmol/l) 1.00 29.00 4.17 2.78
Morning salivary DHEA (nmol/l) 0.16 3.50 1.59 0.40

Night salivary DHEA (nmol/l) 0.18 1.82 0.94 0.37

Abbreviations: N, sample size; BMI, body mass index; FBG, fasting blood glucose; TG, triglycerides; HDL-C, high-density lipoprotein; LDL, low-density lipoprotein; WBC, 
white blood cells; RBC, red blood cells; PCV, packed cell volume; MCV, mean cell volume; MCH, mean cell hemoglobin; MCHC, mean cell hemoglobin concentration; DHEA, 
Dehydroepiandrosterone.

Table 2 Categorical Distribution of Study Participants According 
to the BMI and Coffee Consumption Rate

Variables Categories Number of 
Subjects

Percent 
%

BMI NW 66 54.1
OW 56 45.9

Total 122 100.0

Coffee 
consumption

Moderate 73 59.8

High 49 40.2

Total 122 100.0

Abbreviations: BMI, body mass index; NW, normal body weight according to 
body mass index; OW, overweight.
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NW/HCC Group
None of the measured anthropometric and biochemical 
parameters has a significant influence on the levels of 
leptin. On the other hand, vitamin B12 and folic acid affect 
each other interchangeably. Vitamin B12 in this NW/MCC 
group was significantly influenced by folic acid (R= 0.490, 
R2 = 0.240, P-value= 0.008). Folic acid explained 24.0% 
of the variance in vitamin B12 levels in this group. 
Similarly, only vitamin B12 significantly affects folic 
acid levels where 24.0% of the variance in folic acid levels 
is explained by vitamin B12.

OW/MCC Group
There is an influential and a significant effect of the 
independent variables weight, height, and WBC on leptin 
levels (P-value < 0.001). These predictors explained 
approximately 54.9% of the variance in leptin levels. 
Vitamin B12 levels in this group were not influenced by 
any factor from the anthropometric and biochemical para-
meters measured in this study. Regarding folic acid, the 
independent variables WBC, morning cortisol (M-COR) 
have a significant effect on folic acid levels (28.3% of the 
variance, P-value = 0.005).

Table 4 (A) Serum Levels of Vitamin B12 in Different Study Groups 
Classified According to BMI and Coffee Consumption. (B) Two-Way 
ANOVA Analysis for the Effect of BMI and Coffee Consumption 
Alone and in Combination on the Serum Levels of Vitamin B12

A

BMI Coffee Mean Vitamin B12 
Levels (pg/mL)

Std. 
Deviation

N

NW Moderate 356.09 117.35 38

High 402.71 131.73 28

Total 375.87 124.84 66

OW Moderate 334.25 130.52 35

High 331.05 119.80 21

Total 333.05 125.51 56

Total Moderate 345.62 123.46 73

High 372.00 130.48 49

Total 356.22 126.46 122

B

Variable F-Test P-value

BMI 4.046 0.047

Coffee 0.873 0.352

BMI * Coffee 1.149 0.286

Abbreviations: BMI, body mass index; N, sample size; NW, normal body weight 
according to body mass index; OW, overweight.

Table 3 (A) Comparative Serum Levels of Leptin in Different Study 
Groups Classified According to BMI and Coffee Consumption Rate. 
(B) Two-Way ANOVA Analysis for the Effect of BMI and Coffee 
Consumption Alone and in Combination on the Serum Levels of 
Leptin

A

BMI Coffee Mean Leptin Levels 
(ng/mL)

Std. 
Deviation

N

NW Moderate 5.93 5.25 38
High 5.75 5.91 28
Total 5.85 5.50 66

OW Moderate 14.86 9.18 35
High 16.79 10.64 21

Total 15.58 9.70 56

Total Moderate 10.21 8.61 73
High 10.48 9.86 49

Total 10.32 9.09 122

B

Variable F-Test P-value

BMI 47.916 < 0.001

Coffee 0.370 0.544
BMI * Coffee 0.535 0.466

Abbreviations: BMI, body mass index; N, sample size; NW, normal body weight 
according to body mass index; OW, overweight.

Table 5 (A) Comparison of Serum Levels of Folic Acid in 
Different Study Groups Subdivided According to BMI and 
Coffee Consumption. (B) Two-Way ANOVA Analysis for the 
Effect of BMI and Coffee Consumption Alone and in 
Combination on the Serum Levels of Folic Acid

A

BMI Coffee Mean Folic Acid 
Levels (ng/mL)

Std. 
Deviation

N

NW Moderate 8.92 3.09 38

High 10.27 3.33 28
Total 9.49 3.24 66

OW Moderate 10.12 2.85 35
High 10.47 3.59 21

Total 10.25 3.12 56

Total Moderate 9.50 3.02 73
High 10.36 3.41 49

Total 9.84 3.19 122

B

Variable F-Test P-value

BMI 1.425 0.235

Coffee 2.082 0.152
BMI * Coffee 0.718 0.398

Abbreviations: BMI, body mass index; N, sample size; NW, normal body weight 
according to body mass index; OW, overweight.
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OW/HCC Group
Stepwise regression analysis in this group showed 
a significant effect of the independent variables weight, 
and age on leptin (approximately 69% of the variance, 
P-value < 0.001). Vitamin B12 levels also in this group 
were not affected by any parameter measured in this study. 
While, 28.2% of the variance in folic acid levels was due 
to PCV (P-value = 0.013).

Discussion
The current study showed that the combination of BW with 
CCR has no effects on the serum levels of leptin, vitamin 
B12, or folic acid. A significant positive association between 
serum leptin and BW seen in this study was independent of 
CCR. On the other hand, serum vitamin B12 was signifi-
cantly and negatively associated with BW.

The levels of serum leptin in OW groups were 270% higher 
than those levels in NW groups (15.58 vs 5.85 ng/mL). The 
levels of leptin in our NW groups were near to the levels 
obtained in a Japanese cross-sectional study where 3317 sub-
jects with BMI 23 kg/m2 had leptin levels of 4.6 ng/mL.14 

Leptin levels in our study are positively related to BMI and this 
is consistent with results obtained from a study performed on 
Greek men where the levels of leptin in men with a BMI > 

30 kg/m2 were 170% higher than in men with a BMI < 
27 kg/m2.11 Our results support that leptin is an important 
marker of obesity27,46 where its expression in obese subjects 
is, on average, 2-fold higher than that in lean individuals.26,49 

Moreover, our results comply with a previous cross-sectional 
study conducted on Jordanian youth males that revealed obese 
and overweight subjects had high leptin levels and these levels 
were positively associated with parental history of T2DM.50

The levels of serum leptin in NW and OW groups were 
not affected by CCR; moderate coffee consumers had 
similar levels to those who are heavy coffee consumers. 
These results were in line with the results from a previous 
study by Lagiou et al who did not notice any relation 
between leptin and coffee drinking, alcohol consumption, 
or smoking in elderly men.11 Another large population- 
based cross-sectional study on Caucasian participants, 
3000 women and 2500 men, aged 35–74 found no rela-
tionships between leptin and caffeine, alcohol consump-
tion, and physical activity.51 Similarly, CCR did not cause 
a significant change in leptin in a German-controlled clin-
ical trial performed on 47 habitual coffee drinkers.8

On the other hand, several studies showed a negative 
relationship between leptin and coffee consumption. Two 
cohort studies of 15,551 women and 7397 men of US 

Table 6 The Multivariate Association Between Study Independent Variables and Serum Levels of Leptin, Vitamin B12, and Folic Acid 
for All Study Groups Using Multiple Linear Regression (Stepwise Method)

Group Dependent Variable Independent Variables (Predictors) B Coefficient R R2 F-Test P-value

NW/MCC Leptin N-DHEA −4.832 0.375 0.141 5.889 0.020

B12 M-DHEA 97.453 0.434 0.188 8.347 0.007

RBC 59.902 0.538 0.290 7.132 0.003

NW/HCC B12 Folic acid 19.343 0.490 0.240 8.225 0.008

Folic acid B12 0.012 0.490 0.240 8.225 0.008

OW/MCC Leptin Weight 0.536 0.517 0.267 12.025 0.001

Height −0.965 0.671 0.450 13.070 < 0.001

WBC 1.656 0.741 0.549 12.565 < 0.001

Folic acid WBC −0.596 0.429 0.184 7.442 0.010

M-COR −0.283 0.532 0.283 6.306 0.005

OW/HCC Leptin Weight 0.655 0.777 0.603 28.857 < 0.001

Age 1.730 0.833 0.694 20.384 < 0.001

Folic acid PCV −0.415 0.531 0.282 7.469 0.013

Abbreviations: B, slope; R, Pearson linear correlation coefficient; R2, determinant coefficient; B12, vitamin B12; N-DHEA, night salivary DHEA; M-DHEA, morning salivary 
DHEA; M-COR, morning salivary cortisol.
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health professionals found that coffee drinkers of ≥4 cups/ 
day had lower leptin compared with nondrinkers.32 

A Japanese cross-sectional study on adult men and 
women found a significant inverse association between 
CCR and leptin.52 A Swiss study including 76 overweight 
and moderately obese subjects aged 18–60 during the 
weight maintenance period disclosed an inverse associa-
tion between leptin and coffee consumption for 3 months 
in women but not men.2 Another large study on Japanese 
workers found a non-significant association between cof-
fee consumption and leptin, but this association became 
inversely significant after excluding confounding 
variables.14 The inverse association between leptin and 
coffee consumption in these studies was possibly attribu-
ted to caffeine, which causes an increase in thermogenesis, 
fat oxidation, and hepatic metabolism of leptin.2,32 In our 
study, the combined effect of BW and CCR on leptin was 
not significant because the statistical significance of the 
BW effect was weakened by the non-statistical signifi-
cance of coffee consumption.

Regardless of CCR, another important finding of this 
study was that vitamin B12 levels were lower in OW 
groups than in NW groups, although the levels in both 
were within the normal reference range (180–914 pg/mL). 
This indicates a negative association between vitamin B12 
and BMI, whereas folic acid levels were not associated 
with BMI in these groups. This is consistent with the 
results of an American cross-sectional study of 9075 par-
ticipants aged ≥ 20 years that showed that serum vitamin 
B12 concentrations were lower among obese adults com-
pared with non-obese adults.24 Another study performed 
on 1252 Iranian patients with BMI ≥ 40 kg/m2 showed 
also BMI was adversely associated with vitamin B1253 

which is similar to the outcome of many other 
studies.43,54 Conversely, a recent meta-analysis of 16 stu-
dies also found no association between BMI and folate55 

while, a Thai study found overweight and obese subjects 
had lower folic acid, higher homocysteine, and no signifi-
cant difference in vitamin B12 compared to their normal 
weight controls.56 A different trend was noticed where 
both vitamin B12 and folic acid are negatively associated 
with BMI in a study of 1131 Mexican American children 
included in NHANES 2001–2004.41

Our study also determined that CCR had no effect on 
the levels of vitamin B12 and folic acid in young adult 
males. The literature in this aspect is limited; however, 
a cohort study of 10,601 healthy, middle-aged Norwegian 
men and women demonstrated that coffee consumption did 

not cause a change in the levels of vitamin B12, but it 
caused a dose-dependent reduction in plasma folate 
accompanied with an increase in levels of 
homocysteine.57 Another Japanese cohort study on preg-
nant women not receiving folate supplements revealed 
a negative relation between serum folate and caffeine 
intake. The possible explanation for this relation was due 
to either the diuretic effect of caffeine on folate or its 
effect in increasing homocysteine58 that consumes folate 
and vitamin B12 during conversion to methionine.59 

Furthermore, some studies observed that folic acid supple-
ments decreased the homocysteine increasing effect of 
filtered coffee60 and others showed that abstention from 
filtered coffee reduces the concentrations of plasma homo-
cysteine and serum cholesterol, which are risk factors for 
cardiovascular diseases.24 Several studies have suggested 
that caffeine consumption during pregnancy has many 
potential negative effects on the fetus, including neural 
tube defects. Therefore, the World Health Organization 
(WHO) guidelines indicate that pregnant women should 
limit the caffeinated beverages intake to 3–4 cups a day.59 

In contrast, a recent observational study performed on 
young males to evaluate the effect of cigarette smoking 
and coffee consumption on vitamin B12, folic acid, and 
lipid profile showed a non-significant increase in vitamin 
B 12 and folic acid in heavy coffee consumers compared 
to moderate consumers regardless of their smoking 
behavior.45 However, in our study, the no change in vita-
min B12 and folic acid with coffee consumption could be 
due to the presence of hepatic stores of folate and vitamin 
B1233,35 that keep replenishing61 the blood if a reduction 
happens to them with coffee consumption.

Stepwise multivariate analysis (Table 6) showed that 
leptin levels are significantly and inversely associated with 
N-DHEA in NW/MCC group; and significantly associated 
with weight, height, and WBC count in OW/MCC group; 
weight and age in OW/HCC group. These findings agree 
with the literature where DHEA has anti-obesogenic 
effect62 and leptin is negatively associated with DHEA48 

and DHEA replacement decreases serum leptin levels.63 

The dependence of leptin on weight and height is in 
agreement with the positive association between BMI 
and leptin established in our study groups. The stepwise 
analysis also indicates that age positively affects the levels 
of leptin and this was attributed in several studies to age- 
related changes in fat mass.30,51

Finally, in our study, vitamin B12 and folic acid are asso-
ciated with hematological parameters, such as PCV, RBC, 
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WBC count, and these relations were also seen in the 
literature.64 In NW/HCC group, vitamin B12 and folic acid 
were significantly and positively related to each other. It is 
known that folates work closely with vitamin B12 in folate- 
dependent one-carbon metabolism, and the interrelationship 
between their levels, as appeared in our study, can be 
explained by the methyl trap hypothesis that states, vitamin 
B12 deficiency can lead to lowered activity and levels of 
methionine synthetase. The decrease in activity and levels of 
this enzyme causes functional folates deficiency. This happens 
by decreasing formation of tetrahydrofolate (THF) whereas 
trapping an increased proportion of 5-methyl tetrahydrofolate 
(5-MTHF). 5-MTHF is a poor substrate for folylpolygluta-
mate synthetase, an enzyme required for synthesis and tissue 
storage of folate as folylpolyglutamates, and because of this 
trap, a decreased retention of folates by tissues and subsequent 
deficiency in body stores occur.65

Study Limitations
This study has some potential limitations to be considered. 
First, daily coffee consumption estimates based on partici-
pants’ claim of coffee cups number consumed rather than the 
measurement of caffeine intake. Moreover, due to the insuffi-
cient number of subjects who were non-coffee consumers our 
study did not include this group. Second, the participants in 
this study were only young males. However, this could be an 
advantage in avoiding the possible effect of age and gender 
variability on the results. Third, erythrocyte (RBC) folate level 
is considered a better indicator of body folate stores66 but in 
this study, we measured only serum folate levels.

Conclusion
Our study showed that the combination of body weight 
and coffee consumption had no effect on the levels of 
leptin, vitamin B12, and folic acid. However, overweight 
was associated with higher leptin, lower vitamin B12, no 
change in folic acid levels. While, coffee consumption 
alone seems to be safe with no detrimental effects on the 
levels of these endogenous molecules.
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