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Introduction

Coffee consumption on a regular basis has been shown to 
lower the risk of type 2 diabetes mellitus (DM), obesity, 
liver disease, some cancers, Parkinson’s disease, and 
Alzheimer’s disease.1,2 The benefits and risks of coffee 
consumption in connection to cardiovascular disease 
(CVD) have been reviewed.3 Nevertheless, concerning the 
rate of coffee consumption, the relationship with hyper-
lipidemia has not yet been resolved. Inconsistent outcomes 
have been associated with excessive coffee consumption 
for low-density lipoprotein cholesterol (LDL-C), known 
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as “bad lipoprotein,” as well as high-density lipoprotein 
cholesterol (HDL-C), often described as “good lipopro-
tein” levels.4–7 Some prior studies have predominantly 
attributed the risk of coffee consumption rate (CCR) to 
boiled rather than filtered coffee.8,9 However, to address 
this issue, subtracting HDL from total cholesterol (TC) 
means the amount of cholesterol incorporated in all lipo-
proteins recognized to be atherogenic. This measurement 
is referred to as non-high-density lipoprotein cholesterol 
(non-HDL-C), and it affords a more accurate evaluation of 
CVD risk and is a more reliable predictor of CVD and 
strokes.10 Furthermore, multiple reports currently suggest 
that measuring non-HDL-C levels may be more effective 
than calculating the cholesterol/high-density lipoprotein 
cholesterol (TC/HDL) ratio.11 Non-HDL and TC/HDL 
ratios are strongly correlated with typical CVD factors.10–12 
However, the effects of CCR on certain lipid profile mark-
ers, most notably non-HDL-C, remain unknown and the 
findings of several studies are inconsistent.5,13–16

On the other hand, vitamin D deficiency (VDD) is prev-
alent throughout the Mediterranean region, particularly in 
Jordan.17 It is directly associated with a variety of bone 
diseases, but the non-skeletal disorders, such as cancer, 
diabetes, CVD, and atherosclerosis, are of significant 
interest.18–21 In addition to atherosclerosis,5 hyperlipidemia 
is also involved in other diseases, including cancer and 
diabetes.22–24 In this context, lower 25-hydroxyvitamin D 
(25OHD) values were associated with lipid profile obser-
vations linked to atherogenic pathogenesis.25,26 Although 
vitamin D3 supplementation has been associated with a 
decreased risk of CVD in observational studies,27,28 this 
association has not been verified in randomized clinical 
trials (RCTs).19,29,30 For example, a recent large RCT with 
a total of 25,871 participants reported mixed evidence31 
and concluded that supplementation with vitamin D3 did 
not result in a reduction in the incidence of invasive CVD 
in men and women aged 55 years or older. Consequently, 
it is unknown whether CCR may interfere with the thera-
peutic effect of D3 supplements on hyperlipidemia in peo-
ple with VDD. Nonetheless, the extent of the effect of 
CCR on the relationship between 25OHD and non-HDL, 
especially among women with VDD, has not yet been 
determined.19 Therefore, the current study aims to examine 
the association of CCR and 25OHD levels on non-HDL 
and TC/HDL ratio in Jordanian women with VDD.

Study design and participants

This retrospective cross-sectional study was carried out at 
the Applied Science Private University (ASU) by studying 
the records of related medical research (D+). It has been 
approved by the Applied Science Private University’s 
Institutional Review Board (ASU-IRB) (protocol number: 
DRGS-2014-2015-165). Eligible records and samples for 
270 Jordanian females from the ASU community aged 
18–65 years with varying degrees of VDD at the ASU 

were used in this study. D+ research was conducted in 
accordance with the Declaration of Helsinki and its amend-
ments. A convenient sample of healthy women aged 18–65 
years signed a written consent form and completed a tele-
phone-screening questionnaire. Each participant was con-
tacted by telephone and asked to complete a questionnaire 
that included questions about her anthropometric and clin-
ical features as well as her coffee consumption in the 3 
months before study admission, as described in the previ-
ous related study.2

Following completion of the questionnaire, the partici-
pants were required to provide blood samples for analysis 
at Ibn Al-Haytham Hospital Laboratory in Amman, Jordan, 
to measure 25OHD levels.

Sample size and categorization

The sample size was calculated based on the same method 
of calculation that had been used in a previous related 
study17 conducted on Jordanian men and women with 
VDD from ASU community using the research advisor’s 
calculator, assuming 95% confidence and a margin of error 
of 5%. In the mentioned study, 72% (293 records) of the 
total number (407 records) recruited to participate in that 
study were females (72%), among which 23 were excluded 
because their 25OHD levels were within normal values 
(⩾30 ng/mL).

As illustrated in Table 1, the remaining 270 women 
who composed the sample of the study participants were 
divided twice.

First, based on their CCR, the coffee cup was prepared 
by mixing 6.5–13.0 g of Alameed Turkish coffee with 
150–200 mL of boiling water (this was equivalent to 1–2 
teaspoons of coffee powder), resulting in 150 mg of caf-
feine per cup.32 CCR-based categories were NCC = had no 
coffee consumption (NCC), (n = 102, 37.7%), MCC = had 
moderate coffee consumption (1–2 cups/day), (n = 134, 
49.6%), and HCC = had high coffee consumption (⩾3 
cups/day) (n = 34, 12.7%).

Second, the three categories were as follows based on 
the severity of VDD (serum level of 25OHD less than 30 
ng/mL):

SVD = severe VDD (25OHD level <10 ng/mL) 
(n = 127, 47%), DVD = deficiency of 25-hydroxyvita-
min D (25OHD level <20 ng/mL) (n = 104, 38.5%), 
and IVD = insufficiency of vitamin D (25OHD level 
<30 ng/mL) (n = 39, 14.5%)

Collection of anthropometric data and clinical 
measurements

Duration of morning sun exposure, skin color, body mass 
index (BMI), height (cm), weight (kg), and other anthro-
pometric data were recorded with face-to-face interview 



Habash et al. 3

using structured questionnaire by clinical labs assistants. 
In addition, qualified nurses collected fasting blood sam-
ples using a sterile vacutainer (VACEUTTE® TUBE), 
needle, and needle holder. All participants’ blood samples 
were stored at room temperature for approximately 45–60 
min before being centrifuged at 4000 rpm for 10 min. 
Following that, aliquots of serum containing at least 1 mL 
were transferred to labeled Eppendorf tubes for clinical 
assays. All analyses were performed at the Ibn Al-Haytham 
Hospital in Amman, Jordan, in a quality-control accredited 
laboratory.

Total serum 25OHD levels were assayed with chemilu-
minescent immunoassay technology (DiaSorin, Stillwater, 
MN, USA), using the DIASORIN LIAISON® 25-hydrox-
yvitamin D Assay. The assay has a lower limit of detection 
of around 4 ng/mL. TC, HDL-C, LDL-C, and triglycerides 
(TG) were quantified in serum using the specific kits 
M12505i-08, M11523i-26, M11579i-16, and M11528i-20 
(BioSystems, Barcelona, Spain). Fasting blood glucose 
(FBG) levels were analyzed spectrophotometrically using 
the Cobas C501 analyzer (GLUC3 application; Roche, 
Mannheim, Germany).

Statistical method

The statistical analyses were performed using the statisti-
cal software package SPSS, version 21.0 for Windows 
(IBM Corporation, Armonk, NY, USA). We calculated fre-
quencies as well as means (SD) of predicted VDD overall 
for each variable. The p-values were considered signifi-
cant at p < .05 and differences between study participants 
were presented. We calculated Pearson correlations 

between 25OHD and each one of the three categories of 
parameters: lifestyle, anthropometric, and clinical. We 
used multivariate stepwise regression analysis to identify 
independent predictors of serum cortisol levels after 
adjusting for participant characteristics. Normality of dis-
tribution for laboratory measurements was tested using the 
Kolmogorov–Smirnov test and added as a supplementary 
material (Supplemental Table S1).

Results

Descriptive characteristics

Table 2 summarizes the descriptive and anthropometric 
characteristics of all participants (n = 270). The mean BMI 
value corresponds to a simple overweight type 
(25.09 ± 4.25 kg/m2). The mean waist circumference 
(WC) and hip circumference (HC) were 83.11 ± 11.47 cm 
and 106.19 ± 11.70 cm, respectively. The mean serum 
25OHD concentration was 12.34 ng/mL (SD = 6.29 ng/
mL) in Table 2, indicating VDD. At baseline, the lipid pro-
file parameters (TG, LDL, HDL, and TC) were recorded 
for all participants in the study as mentioned in the base-
line description of the clinical parameters.

Differences in the levels of lipid profile 
parameters according to the severity of VDD 
and independent of CCR (n = 270)

As illustrated in Table 3, a one-way analysis of variance 
(ANOVA) method was conducted to test whether there 
were significant differences in lipid profile parameter lev-
els according to the severity of insufficiency of vitamin D 
(IVD) and irrespective of CCR. One-way ANOVA revealed 
significant differences in total (TC) scores between vari-
ous levels of VDD (F = 7.430, p < .001). To account for 
type I error, post hoc multiple comparisons using the 
Tukey HSD (honestly significant difference) test revealed 
that the mean scores of TC for the IVD level were signifi-
cantly different from the mean scores for the other levels 
(severe vitamin D deficiency (SVD) and deficiency of 
25-hydroxyvitamin D (DVD)), which were considered to 
be indifferent. Significant differences in total (LDL) scores 
were observed between different levels of VDD 
(F = 12.910, p < .001). Similarly, post hoc multiple com-
parisons using the Tukey HSD test showed that the mean 
scores of LDL for the IVD level were substantially differ-
ent from the mean scores of SVD and DVD, for which 
they were neutral. There were statistically significant dif-
ferences in total (non-HDL) cholesterol levels between 
different levels of VDD (F = 6.137, p = .002). Moreover, 
the Tukey HSD test revealed that the mean non-HDL 
scores for the IVD level were significantly different from 
those for the other levels (VD and DVD), for which they 
were indifferent.

Table 1. Categorization of the participants (n = 270).

Variable Categories Frequency %

Morning sun exposure Yes 190 70.4
No 80 29.6
Total 270 100.0

Skin color Colored 136 50.4
White 134 49.6
Total 270 100.0

Coffee consumption levels NCC 102 37.8
MCC 134 49.6
HCC 34 12.6
Total 270 100.0

25OHD deficiency levels SVD 127 47.0
DVD 104 38.5
IVD 39 14.5
Total 270 100.0

NCC: no coffee consumption; MCC: moderate coffee consumption; 
CCR: coffee consumption rate; HCR: heavy coffee consumption rate; 
MCR: moderate coffee consumption rate; NCR; no coffee consump-
tion rate; 25OHD: 25-hydroxy vitamin D; SVD: severe vitamin D 
deficiency; DVD: deficiency of 25-hydroxyvitamin D; IVD: insufficiency 
of vitamin D.
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When studying the difference in all variables between 
the SVD, DVD, and IVD groups, no significant differ-
ences were noted for TG and HDL levels. However, the 

comparison identified significant differences were noted 
between the SVD, DVD, and IVD groups for TC, LDL, 
and non-HDL levels (p > .05).

Table 2. Baseline descriptive and anthropometric and lifestyle parameters, (n = 270).

Clinical parameter Range Mean ± SD Normal range

Age (years) 18.0–65.0 27.46 ± 9.87  
Coffee (cups) 0.0–6.0 1.12 ± 1.22  
25OHD (ng/mL) 3.80–29.80 12.34 ± 6.29 30–50
FBG (mg/dL) 54.00–108.00 87.17 ± 10.66 70–110
TC (mg/dL) 131.00–359.00 268.06 ± 37.16 Up to 200
TG (mg/dL) 55.00–271.00 141.45 ± 28.57 Up to 150
HDL (mg/dL) 18.00–95.00 56.28 ± 7.56 ⩽60
LDL (mg/dL) 54.00–278.00 153.72 ± 21.79 Up to 100
Non_HDL (mg/dL) 76.00–308.00 211.78 ± 36.24  
TC_HDL (mg/dL) 238.18–1561.11 486.27 ± 114.68  
Height (m) 1.40–1.81 1.62 ± 0.06  
BW (kg) 39.00–110.00 66.01 ± 12.04  
BMI (kg/m2) 15.79–43.29 25.09 ± 4.25  
WC (cm) 37.00–130.00 83.11 ± 11.47  
HC (cm) 42.00–153.00 106.19 ± 11.70  
WWR 47.00–179.50 79.86 ± 13.25  
WHR 36.80–166.70 62.40 ± 11.29  

25OHD: 25-hydroxyvitamin D; FBG: fasting blood glucose; TG: triglycerides; TC: total cholesterol; HDL: high-density lipoprotein; LDL: low-density 
lipoprotein; BMI: body mass index; BW: body weight; WC: waist circumference; HC: hip circumference; WWR: waist circumference ratio; WHR: 
waist to hip ratio.

Table 3. Differences of selected lipid profile parameters levels based on the severity of VDD and irrespective of coffee 
consumption rate (n = 270).

Variable Level n Mean ± SD F p-value

TG SVD 127 142.24 ± 30.09 0.100 .905
DVD 104 140.92 ± 27.51
IVD 39 140.26 ± 26.86
Total 270 141.45 ± 28.57

HDL SVD 127 57.28 ± 7.80 2.812 .062
DVD 104 55.85 ± 7.57
IVD 39 54.18 ± 6.28
Total 270 56.28 ± 7.56

TC SVD 127 272.77 ± 36.13 7.430 .001*
DVD 104 269.98 ± 35.08
IVD 39 247.56 ± 39.96
Total 270 268.06 ± 37.16

LDL SVD 127 156.97 ± 22.92 12.910 < .001*
DVD 104 155.63 ± 17.39
IVD 39 138.08 ± 22.44
Total 270 153.72 ± 21.79

Non_HDL SVD 127 215.50 ± 35.50 6.137 .002*
DVD 104 214.13 ± 34.13
IVD 39 193.38 ± 39.40
Total 270 211.78 ± 36.24

TG: triglycerides; TC: total cholesterol; HDL: high-density lipoprotein; LDL: low-density lipoprotein; F statistic: the variation between sample 
means/variation within the samples; n: number of participants; SVD: severe vitamin D deficiency; DVD: deficiency of vitamin D; IVD: insufficiency of 
vitamin D.
*indicates statistical significance.
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Table 3 also shows significant differences in total (TC) 
scores among different levels of VDD (F = 7.430, p = .001). 
The post hoc multiple comparisons by the Tukey HSD test 
indicated that the mean scores of the SVD group were 
272.77 ± 36.13 mg/dL, while the TC mean scores for the 
DVD and IVD groups were 269.98 ± 35.08 mg/dL and 
247.56 ± 39.96 mg/dL, respectively. The mentioned scores 
reflect the effect of VDD on TC, where the severity of 
deficiency increases.

Differences in 25OHD and lipid profile 
parameter levels based on the CCR

As described in Table 4, a one-way ANOVA test was con-
ducted to study the significant differences in lipid profile 
parameter levels based on the CCR. ANOVA showed that 
there were no significant differences between all item 
scores among different levels of coffee consumption 
(NCC, MCC, and HCC).

The correlation of clinical parameters mentioned in the 
descriptive analysis of the clinical study participants 
(n = 270) revealed significant positive relationships 
between coffee drinking and age (r = 0.307, p = .001), cof-
fee drinking and FBG (r = 0.184, p = .05), coffee drinking 
and the ratio of TC/HDL items (r = 0.134, p = .05), and cof-
fee drinking and  body weight (BW) item (r = 0.130, 
p = .05). In addition, there was a significant negative cor-
relation between coffee drinking and the HDL item 
(r = –0.161, p < .01), shown in Table 5. This trend was 
clearer when the study participants were further subdi-
vided by their combined VITD level and coffee consump-
tion behavior into three groups (Table 6).

As presented in Table 6, there was no significant rela-
tionship between coffee consumption and other items at 
the severe deficiency level of VITD, except for the age 
item, which was significantly more relevant and had a 
positive direction (r = 0.366, p < .001). Correlation in par-
ticipants with VDD showed a significant relationship 

Table 4. Differences of 25OHD and lipid profile parameters levels based on the CCR (n = 270).

Dependent Variable Level n Mean ± SD F p-value

25OHD NCC 102 12.52 ± 6.04 1.501 .225
MCC 134 12.65 ± 6.78
HCC 34 10.61 ± 4.65
Total 270 12.34 ± 6.29

TC MCC 102 273.72 ± 39.73 1.936 .146
HCC 134 264.92 ± 35.54
Heavy 34 263.44 ± 34.27
Total 270 268.06 ± 37.16

TG NCC 102 146.15 ± 34.87 2.304 .102
MCC 134 138.19 ± 25.28
HCC 34 140.18 ± 15.63
Total 270 141.45 ± 28.57

HDL NCC 102 57.10 ± 6.83 1.525 .219
MCC 134 56.09 ± 6.35
HCC 34 54.56 ± 12.48
Total 270 56.28 ± 7.56

LDL NCC 102 152.79 ± 18.33 0.934 .394
MCC 134 153.22 ± 23.98
HCC 34 158.47 ± 22.28
Total 270 153.72 ± 21.79

Non_HDL NCC 102 216.62 ± 39.12 1.467 .232
MCC 134 208.83 ± 35.11
HCC 34 208.88 ± 30.60
Total 270 211.78 ± 36.24

TC/HDL ratio NCC 102 483.68 ± 76.75 1.704 .184
MCC 134 479.74 ± 103.23
HCC 34 519.79 ± 211.84
Total 270 486.27 ± 114.68

TG: triglycerides; TC: total cholesterol; HDL: high-density lipoprotein; LD:, low- -density lipoprotein; F statistic: variation between sample means/
variation within the samples; n, number of participants; SVD: severe vitamin D deficiency; DVD: deficiency of vitamin D; IVD: insufficiency of vitamin 
D; CCR: Coffee consumption rate TG: HCR: heavy coffee consumption rate MCR: moderate coffee consumption rate; NCR; no coffee consump-
tion rate.
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between coffee consumed and age (r = 0.377, p < .001) and 
FBG with a Pearson linear correlation coefficient of 0.323 
(r = 0.323, p < .01). In addition, TC/HDL was the third 

item with a significant positive correlation (r = 0.246, 
p < .05). In contrast, there was a significant negative cor-
relation between coffee consumption and HDL values at 
the VDD level (r = –0.264, p < .01). At a VITD level of 
insufficiency, the third group demonstrated that there was 
no significant relationship between coffee consumed and 
other things.

As shown in Table 7, a two-way ANOVA was con-
ducted to investigate the effects of CCR, VDD, and their 
interaction (combined effect) on non-HDL and TC/HDL 
ratio. Although VDD alone showed a significant effect on 
both non-HDL and TC/HDL ratios (F-test = 4.680, p = .01; 
F-test = 6.579, p = .02, respectively), there was no signifi-
cant effect of the interaction between VDD and CCR on 
non-HDL. The interaction between the two factors showed 
only a significant effect on the TC/HDL ratio (F-test = 4.210, 
p < .05).

Stepwise regression analysis to investigate 
the effect of VITD on TC/HDL according to 
different levels of coffee consumption

Stepwise regression analysis was used to determine the 
predictors of non-HDL at various levels of coffee con-
sumption (Table 8). The multivariate stepwise regression 
analysis showed that the influence of independent varia-
bles (IDVs) on non-HDL-C may explain ~53%, ~66 %, 
and ~55 % of non-HDL-C values in the NCC, MCC, and 
HCC groups, respectively. The multiple linear regression 
models also examined the predictors of the TC/HDL ratio 
at various coffee levels. The predictors may elucidate 
38.7%, 39.1%, and 38.9% of non-HDL-C values in the 
NCC, MCC, and HCC groups, respectively.

Discussion

The current study demonstrated that VDD alone or in com-
bination with CCR has a positive association with TC/HDL 
ratio in Jordanian women with VDD. Also, in the same 
study population and independently of CCR, VDD alone 

Table 5. Correlation coefficient between coffee consumption 
rate and VDD regardless of its severity and lipid.

Clinical Parameter Correlation coefficient (r)

Age 0.307*
25OHD –0.084
FBG 0.184*
TC –0.091
TG –0.078
HDL –0.161*
LDL 0.102
Non-HDL –0.06
TC/HDL ratio 0.134*
BW 0.130*
BMI 0.112
WC 0.097
HC 0.115
WWR 0.082
WHR 0.06

r: correlation coefficient; 25OHD: 25-hydroxyvitamin D; FBG: fasting 
blood glucose; TG: triglycerides; TC: total cholesterol; HDL: high-den-
sity lipoprotein; LDL: low-density lipoprotein; BMI: body mass index; 
BW: body weight; WC: waist circumference; HC: hip circumference; 
WWR: waist circumference ratio; WHR: body weight/hip ratio.
*indicates statistical significance.

Table 6. Coefficient correlation between VDD levels with 
coffee consumption (irrespective of its rate) and lipid profile 
parameter levels for whole study sample (n = 270).

Clinical parameters SVD (r)a DVD (r)b IVD (r)c

Age (years) 0.102 0.377* 0.366*
FBG (mg/dL) –0.012 0.323* 0.005
TC (mg/dL) 0.108 –0.137 –0.14
TG (mg/dL) 0.129 –0.096 –0.112
HDL (mg/dL) 0.207 –0.264* –0.163
LDL (mg/dL) 0.03 0.162 0.03
Non_HDL 0.098 –0.082 –0.107
TC/HDL ratio 0.122 0.246* 0.03
Height(m) –0.089 0.091 0.084
BW (kg) –0.086 0.157 0.171
BMI (kg/m2) –0.045 0.125 0.147
WC (cm) –0.081 0.143 0.103
HC (cm) –0.065 0.05 0.174
WWR –0.008 0.087 0.105
WHR –0.076 0.127 0.036

r: Pearson correlation coefficient; 25OHD: 25-hydroxyvitamin D; FBG: 
fasting blood glucose; TG: triglycerides; TC: total cholesterol; HDL: 
high-density lipoprotein; LDL: low-density lipoprotein; BMI: body mass 
index; BW: body weight; WC: waist circumference; HC: hip circumfer-
ence; WWR: waist circumference ratio; WHR: body weight/hip ratio.
aRegression coefficient in group with severe VITD deficiency.
bRegression coefficient in group with VITD deficiency.
cRegression coefficient in group with intermediate VITD deficiency.
(*r) > 0.25.

Table 7. Combined versus single association of CCR and 
VDD with non-HDL and C/HDL ratio in women using two-way 
ANOVA test.

Association F-test p-value

VDD + non-HDL 0.002* .010*
VDD + TC/HDL 6.579 .002*
CCR + non-HDL 0.448 .639
CCR + TC/HDL 0.813 .445
(Combined CCR + VDD) + non-HDL 1.724 .145
(Combined CCR + VDD) + TC/HDL 4.21 .003*

CCR: coffee consumption rate; VDD: vitamin D deficiency; TC: total 
cholesterol; HDL: high-density lipoprotein; F: variation between sample 
means/variation within the samples.
*indicates statistical significance.
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demonstrated a strong positive correlation with non-HDL 
levels and TC/HDL ratio. Regardless of which non-HDL or 
TC/HDL ratio is a more reliable predictor of coronary 
artery disease (CAD) risk, either alone or in combination 
with CCR, VDD predicted negative outcomes for both var-
iables. In this context, the negative correlation noted 
between VDD and non-HDL in the current study is consist-
ent with the results of some prior studies that assessed the 
atherogenic profile in obese females.26,33,34 Furthermore, a 
negative association between the 25OHD level and the risk 
of CAD, including TG and LDL-C, has been suggested in 
healthy participants and patients.33–35 In this respect, it has 
been demonstrated that people with normal serum 25OHD 
have a healthier lipid profile than those with VDD.

Nonetheless, as mentioned previously, the association 
between 25HOD and women’s lipid profiles remained 
unclear. As a result, a U-shaped association between serum 
25OHD levels and CVD risk has been proposed to corre-
late drastic fluctuations in serum 25OHD levels with CVD 
risk due to its effects on lipid metabolism.32,36 As a result, 
the presence or absence of typical risk factors had no effect 
on the U-shaped relationship.37

The TC/HDL ratio has been established as a simple 
lipid index for predicting CAD risk, and therefore it may 
be appropriate for the selection of patients with lipid 
abnormalities who require earlier and more aggressive 
therapy.38 Multiple linear regression analyses revealed that 
TG and LDL were significant IDVs affecting non-HDL 
and the TC/HDL ratio. A high TG level has been a better 
predictor of coronary artery disease in women than in 
men.39 Low TG (97 mg/dL) and high HDL (>57 mg/dL) 

levels are associated with a very low risk of coronary 
artery disease.39

In pregnant and postmenopausal women, as well as 
among Emirati adult women with type 2 diabetes, low 
25OHD levels were also related to an increased risk of 
dyslipidemia, including a TC/HDL ratio.8 In addition, 
based on the regression analysis results in the current 
study, VDD might be related to a high cholesterol ratio as 
a provoking factor, which might be related to the CCR.

Regarding the effect of CCR as a risk factor for dyslipi-
demia, the current study corroborates previous research 
showing a positive correlation between elevated CCR and 
TC/HDL ratio. In a study that investigated the relationship 
between coffee consumption and serum VITD levels in 
young Koreans, it was discovered that women who con-
sumed the most coffee had the lowest VITD levels.40 
Similarly, a meta-analysis demonstrated that consuming 
coffee (2.4–8 cups per day) increased TC, LDL, and TG 
levels after 2 to 11 weeks.41,42 Finally, another research 
indicated a weak correlation between moderate coffee con-
sumption and hypercholesterolemia when compared to 
heavy or very heavy coffee consumption.43 On the other 
hand, it was reported that a direct correlation existed 
between coffee consumption and VITD levels among 
Saudi Arabian teenagers, irrespective of gender. However, 
other variables such as diet and coffee type may also affect 
25OHD levels.18 It has been mentioned that the adenosine 
A2A receptor is a common interaction site for cholesterol 
as well as for caffeine.44,45 Many studies have shown that 
caffeine increases lipolysis and fat oxidation in peripheral 
tissues after coffee consumption.46–48 Moreover, caffeine 

Table 8. Significant multivariate associations of non-HDL and TC/HDL levels and the study variables selected by stepwise 
regression based on CCR.

DV Group IV R R2 F B p-value

Non_HDL NCC TG 0.661 0.437 77.673 0.625 <.001
LDL 0.725 0.525 54.808 0.672 <.001

MCC TG 0.615 0.378 127.898 0.739 <.001
LDL 0.813 0.661 80.246 0.904 <.001

HCC TG 0.659 0.434 19.159 0.685 <.001
LDL 0.743 0.553 24.537 0.825 <.001

TC/HDL NCC TG 0.467 0.218 27.95 0.338 <.001
LDL 0.561 0.315 22.727 0.328 <.001
SME 0.596 0.356 18.022 –0.212 <.001
Hip 0.622 0.387 15.307 0.338 <.001

MCC LDL 0.554 0.307 58.446 2.511 <.001
Age 0.587 0.344 34.423 1.424 <.001
TG 0.608 0.37 25.446 0.641 <.001
VDD 0.625 0.391 20.665 2.28 <.001

HCC LDL 0.48 0.23 9.582 5.704 <.001
VDD 0.624 0.389 9.864 18.949 <.001

CCR: coffee consumption rate TG: HCR: heavy coffee consumption rate; MCR: moderate coffee consumption rate; NCR: no coffee consump-
tion rate; TG: triglycerides; TC: total cholesterol; HDL: high-density lipoprotein; DV: dependent variable; IV: independent variable; R: Pearson 
correlation coefficient; R2: regression; F: variation between sample means/variation within the samples; n: number of participants; SVD: severe 
vitamin D deficiency; DVD: deficiency of vitamin D; IVD: insufficiency of vitamin D.
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elevates catecholamine levels, which promotes lipolysis in 
adipose tissue by stimulating the stress axis sympathetic 
responses.49,50

Caffeine’s effect as an adrenoceptor blocker is dose-
dependent. For example, propranolol, an adrenoceptor 
blocker, inhibited caffeine-stimulated energy outflow and 
lipolysis, indicating that some of caffeine’s metabolic 
effects are mediated by catecholamines.51 Accordingly, 
our results are consistent with those of a previous study 
that revealed that cholesterol elevation by consumption of 
unfiltered boiled coffee has a dose-dependent effect.52 
Therefore, CCR as well as caffeine dose may explain the 
inconsistency with the results of a recent study, indicating 
that caffeine acts to interact in an antagonistic manner to 
enhance cholesterol metabolism, thereby increasing the 
expression of the LDL receptors and clearance of LDL.53

Regarding the association between CCR and VDD, it 
has been postulated that caffeine interacts with variants in 
the vitamin D3 receptor polymorphisms.18,54,55 It is 
assumed that the reduction of adipose tissue is accompa-
nied by an increase in serum 25OHD levels.56 Nevertheless, 
there is an apparent variation in mean age, which is 
inversely proportional to body fat mass.57 Finally, in rela-
tion to a potential association between stress and CCR, it 
has been shown that increasing allostatic stress decreases 
serum 25OHD levels.58 However, a number of questions 
concerning the study design were considered to be a study 
limitation. First, no data have been recorded concerning 
the time of coffee consumption and whether the consump-
tion was before, during, or after food intake due to the lack 
of nutritional data for the participants. Second, based on 
the records and study design, the CCR has been self-
reported by the participant. Third, we did not measure caf-
feine concentration per cup, which may help us to discuss 
some inconsistency that has been reported by others.53

Conclusion

In conclusion, this study shows that VDD is independently 
associated with two potential CAD risk factors in women: 
non-HDL and TC/HDL ratio. VDD and coffee consumption 
may have a synergistic association in relation to elevated 
TC/HDL ratio in healthy women. Overall, higher CCR 
among women with VDD significantly elevated TC/HDL 
ratio that may increase woman’s risk of hyperlipidemia.
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