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Does dietary intake of vitamin A and beta-carotene increase

the risk of hypertension?
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Background Hypertension (HTN) is a major global
public health issue influenced by genetics and lifestyle
factors such as diet and psychological stress. Previous
research suggests a potential link between HTN and
dietary vitamin A intake. This study aims to explore the
association between HTN and the intake of various forms
of vitamin A.

Methods This cross-sectional study was conducted
on 1239 patients with HTN and 2945 normotensive
individuals aged 35-70 years in Sabzevar, Iran. Dietary
vitamin A intake was assessed using the Nutritionist IV
software and a food frequency questionnaire.

Result A positive association was found between

HTN with total vitamin A intake [odds ratio (OR): 1.03,
95% confidence interval (Cl): 1.01-1.05, P= 0.04] and
B-carotene intake (OR: 1.03, 95% CI: 1.02-1.05, P=0.03)
after adjusting for age and sex. These associations
remained statistically significant after adjusting for
physical activity and BMI. The association between HTN
and B-carotene intake remained significant after additional
adjustment for calorie intake. No significant association
was observed between dietary retinol intake and HTN.

Conclusion Increased dietary intake of vitamin A
and pB-carotene may be associated with a higher risk of
HTN. Further longitudinal studies are needed to confirm

Introduction

Hypertension (HTN) has turned into a major public
health concern around the world [1]. Besides prompting
noncommunicable diseases, the inability to control HT'N
may also increase economic and social burdens [2]. HTN
is a known risk factor for cardiovascular diseases (CVD),
which are responsible for an estimated 7.5 million mor-
tality annually [3]. The worldwide prevalence of HTN
among adults is expected to increase up to 1.56 billion
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cases by 2025 [4]. In the Islamic Republic of Iran, the
frequency of HT'N in adults over 25 was found to be 25%
in women and 24% in males [5].

Genetics, environmental factors, and mental pressure
may increase the risk of HI'N [4]. HI'N autonomously
prompts vascular damage and is connected with chronic
kidney disease, diabetes, and obesity [6]. Recently, the
relationship of nutrients with HTN has been paid exten-
sive attention [7,8]. A healthy diet may have crucial
protective roles against HI'N [9]. The results of some
studies indicated that adherence from some healthy die-
tary patterns such as low salt diets [10], Mediterranean
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diet [11], and Dietary Approach to Stop Hypertension
diet [12] can be associated with a lower prevalence of
high blood pressure (BP). Some important parts of diets
that may be connected with HTN are vitamins and phy-
tochemicals [13,14]. For example, vitamin D was fre-
quently assessed as a possible treatment for HTN [15]. Tt
may have this effect via locally triggering macrophages’
renin-angiotensin system, which accelerates atherogene-
sis. Furthermore, vitamin E is well recognized as a potent
antioxidant and anti-inflammatory agent. It has been
suggested that vitamin E may have beneficial effects on
H'TN via different pathways [16].

Carotenoids are generally disseminated in organic prod-
ucts, vegetables, and seaweeds [17], existing in different
forms such as precursors of vitamin A (a-carotene and
[-carotene), lutein with zeaxanthin, and PB-cryptoxan-
thin [18]. Carotenoids have been shown to exhibit asso-
ciations with CVD, atherosclerosis, cancer, and several
other chronic diseases [19]. Few investigations have been
done on the relationship between HTN with carotenoids
and vitamin A. Some studies reported the relationship
between f-carotene and HTN; however, the results were
disputable [20]. A few studies demonstrated that [3-caro-
tene can successfully decrease oxidative reactions, con-
sequently diminishing the rate of preeclampsia-related
H'TN in pregnant women and a decrease of adverse out-
comes experienced by neonates and pregnant women

[21].

Despite numerous studies, a conclusive link between
consuming vitamin A and developing HTN has yet to
be established. Numerous research has demonstrated a
correlation between increased levels of serum vitamin
A and an increased likelihood of developing HT'N and
heart disease [22,23]. The conflicting findings on the
association between HTN and vitamin A might be the
result of varying effects from various vitamin A dietary
sources. For example, a recent meta-analysis observed
an inverse association between total carotenoids and the
metabolic syndrome (MetS). However, no association
was found between retinol and MetS [24]. So, the aim
of this research was to examine the connection between
vitamin A and its precursors in the diet and the likelihood
of developing H'TN.

Methods

"This cross-sectional study was conducted on 4184 partic-
ipants, including 1239 patients with HTN and 2945 peo-
ple with normal BP in Sabzevar, Iran. The participants
were selected from the prospective epidemiological
research studies in Iran (PERSIAN) cohort study, which
has been followed from January 2017 to May 2020. The
methodological details of the PERSIAN cohort study
are published elsewhere [25]. Inclusion criteria included
age between 35 and 70 years, no history of kidney dis-
eases, no treatment with drugs affecting BP, no history

of vitamin A supplementation, and calorie intake of
more than 1000 kcal/day and less than 5500 kcal/day.
Exclusion criteria included the inability to collect the
required data.

Data on demographic, medical, and nutritional factors
were collected by face-to-face interviews and physical
examinations. Information related to participants’ eco-
nomic and social levels was collected by data obtained
from the PERSIAN cohort questionnaire. The SECA
204 mobile stadiometer and the SECA 755 mechanical
column scale were used to measure height and weight,
respectively. To calculate BMI, weight in kilograms was
divided by height in meters squared. The level of phys-
ical activity was assessed using a validated version of the
International Physical Activity Questionnaire [26].

Dietary intake of vitamin A

Dietary intake data were obtained from the PERSIAN
cohort food frequency questionnaire (FFQ), which has
already confirmed its validity and reliability [27]. The
obtained data on dietary intake were then evaluated
using Nutritionist IV software in terms of consumption
of different types of vitamin A and f-carotene as the
main precursor. In this study, the amount of vitamin A
and B-carotene in ecach food was first determined and
then multiplied by the amount of food consumed by each
individual.

Biochemical analysis

Standard mercury sphygmomanometers were used to
measure BP based on the mean of three consecutive
measures taken after 10 min of rest. Following a night of
fasting for the examination, a blood sample was obtained
from the participants, and their serum was separated and
keptat 70 °C. Data related to BP and blood tests includ-
ing right systolic BP (SBP), right diastolic BP (DBP),
blood urea nitrogen (BUN), triglyceride (TG), alkaline
phosphatase (ALP), fasting blood sugar (FBS), serum
glutamic oxaloacetic transaminase (SGOT), gamma glu-
tamic transferase (GG'T), and serum glutamic pyruvic
transaminase (SGP'T') were obtained with the coordina-
tion of the relevant official.

Statistical analysis

The Independent 7test or its nonparametric counter-
part (Mann-Whitney) was utilized for quantitative data,
whereas the chi-square test was used for qualitative var-
iables. To investigate the association between high BP
and different types of vitamin A in the diet, the logistic
regression method and odds ratio estimation were used to
analyze the odds of developing the disease using the fol-
lowing models: model 1: adjusted for age and sex; model
2: further adjustments for physical activity, and BMI; and
model 3: further adjustments for energy intake. The anal-
yses were conducted using the R studio program with a
significance level of P < 0.05.



Table 1 Characteristics of the participants
Normal BP (N=2945) High BP (N=1239) P

Age (year) 4746 +8.35 53.45+8.3 <0.001
Sex

Male 1166 (39%) 700 (56%) <0.01

Female, N (%) 1779 (61%) 539 (43%)
MET final 38.84+ 78 38.1+77 0.008
Height (cm) 161.75+9.1 163.32+9.5 <0.001
Weight (kg) 72.51+12.8 78.01 £ 14.2 <0.001
BMI (kg/m2) 27.76 + 4.7 29.23+4.7 <0.001
Right SBP (mmHg) 106.23+10.6 134.12+13 <0.001
Right DBP (mmHg) 6733+ 7.8 82.95 + 7.6 <0.001
FBS (mg/dl) 103.1 £ 35.51 116.89 + 49.27 <0.001
BUN (mmol/L) 13.46 + 3.6 14.35+3.9 <0.001
Creatinine (umol/L) 1.07£0.18 1.14+0.28 <0.001
TG (mg/dl) 137.88 £ 92 166.58 £ 121.3 <0.001
Cholesterol (mg/dI) 189.9 + 39.06 195.48 + 42.62 <0.001
SGOT (U/L) 19.89 +8.63 20.91 +9.69 <0.001
SGPT (U/L) 21.31 £ 15.41 24.01 £14.75 <0.001
ALP (U/L) 217.24 + 66.04 234.183+71.13 <0.001
HDL-C (mg/dl) 52.87 £ 10.66 51.11 £10.47 <0.001
LDL (mg/dl) 109.89 + 33.02 111.23+35.3 <0.001
GGT (U/L) 24.09+21.16 28.85 + 24.21 <0.001

ALP, alkaline phosphatase; BUN, blood urea nitrogen; FBS, fasting blood sugar;
GGT, gamma glutamic transferase; MET, metabolic equivalent of task; Right DBP,
right hand diastolic blood pressure; Right SBP, right hand systolic blood pres-
sure; SGOT, serum glutamic oxaloacetic transaminase; SGPT, serum glutamic
pyruvic transaminase; TG, triglyceride.

Table 2 Dietary intake of the participants

Normal BP High BP P
Protein (g/day) 78.14 + 25.74 79.98+26.79  0.003
Total lipid fat (g/day) 64.58 * 25.06 64.31 + 25.06 0.01

407.77 £ 135.06
247777 £ 770.36
704.57 + 469.27
337.68 = 360.02
3914.44 £ 2526.62

425.44 £144.70  0.001
2549.93+818.39 0.001
732.99 £ 441.78 0.01

329.18 £ 276.5 0.05
4304.08 £3080.8 0.001

Carbohydrate (g/day)
Energy (kcal/day)

Total vitamin A (mcg/day)
Retinol (mcg/day)
B-carotene (mcg/day)

BP, blood pressure.

Table 3 The association of hypertension and dietary vitamin A

Retinol

OR (95% CI) P

Total vitamin A

OR (95% CI) P

B-carotene

OR (95% CI) P

Model 1.02 0.04 0.99 0.31 1.02 0.03
1 (1.01-1.05) (0.99-1.01) (1.01-1.05)

Model 1.02 0.04 0.99 0.31 1.08 0.03
2 (1.01-1.05) (0.99-1.01) (1.01-1.05)

Model 1.01 0.06 0.99 0.33 1.02 0.04
3 (0.99-1.02) (0.98-1.01) (1.01-1.05)

Model 1: adjusted for age and sex; model 2: further adjustments for physical activ-
ity and BMI; and model 3: further adjustments for energy intake.
Cl, confidence interval; OR, odds ratio.

Results

The mean of age, height, weight, BMI, right SBP, left
DBP, FBS, BUN, TG, cholesterol, SGOT, SGPT, ALP,
LDL, and GGT, in the normotensive group, were signif-
icantly lower than the HTN group. The individuals with
normal BP had higher ME'T and HDL-C than individu-
als with high BP (all P < 0.01) (Table 1).

Regardingtheintakeofnutrients,the HT'N grouphad higher
dietary intake of protein (78.14 + 25.74 vs. 79.98 + 26.79
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g/day, P=0.003), carbohydrate (407.77 +135.06 vs.
425.44 + 144.70 g/day, P = 0.001), energy (2477.77 + 770.36
vs. 2549.93 + 818.39 kcal/day, P =0.001), total vitamin A
(704.57 £ 469.27 vs. 732.99 + 441.78 mcg/day, P =0.01),
and P-carotene (3914.44 + 2526.62 vs. 4304.08 = 3080.8,
P =0.001) than the normotensive group. Diectary intake
of total fat (64.58 = 25.06 vs. 64.31 + 25.06 g/day, P =0.01)
in the normotensive group was higher than in the HT'N
group. In terms of retinol, no significant difference was
found between the groups (Table 2).

Table 3 presents the connections between HTN and
the intake of total vitamin A, retinol, and B-carotene.
The results revealed a marginal positive association
between H'T'N with a total intake of vitamin A [odds
ratio (OR): 1.03, confidence interval (CI): 1.01-1.05,
P =0.04] and PB-carotene (OR: 1.03, CI: 1.02-1.05,
P =0.03) after adjusting for age and sex. These asso-
ciations remained significant even after adjusting for
physical activity and BMI. However, no significant link
was observed between HTN and total intake of vitamin
A after adjusting for calorie intake. Also, no significant
association was found between HTN and dietary intake
of retinol.

Discussion

The present cross-sectional study observed a mar-
ginally significant association between higher dictary
intakes of total vitamin A and (-carotene with HTN.
Furthermore, there was no association between retinol
intake and the risk of HT'N. The most appropriate and
significant precursor for vitamin A is all-trans-f-carotene
[28]. This is partly because of its symmetrical structure
since all-trans-B-carotene is the only carotenoid that
can cleave the central 15,15” carbon-carbon bond in an
oxidative reaction catalyzed by -carotene monooxygen-
ase to produce two molecules of all-trans-retinal. Other
geometrical isomers appear less effectively cleaved
based on in vitro research [29]. The majority of previ-
ous studies revealed a significant association between
dietary P-carotene intake and decreased BP [30]. For
example, Hozawa ez a/. [31] claimed that there is an
inverse relationship between carotenoid concentration
with systolic BP and the incidence of HTN. Similarly,
Li ez al. [32] observed that total carotenoid intake of
more than 100 mg/kg per day has a beneficial effect on
lowering BP in the US population. Besides, another
article conducted on 11 336 adults clearly reported that
a higher concentration of all six carotenoids may reduce
the prevalence of HTN [33]. One of the primary mech-
anisms supposed in these studies which may contribute
to the effect of carotenoids on HTN is the antioxidant
properties shown by B-carotene [16]. If the produc-
tion of reactive oxygen species (ROS) and the body’s
antioxidant defenses are not in equilibrium, oxidative
stress may result in the onset of HT'N. Therefore, one
possible factor in the decrease of BP is the ability of
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-carotene to eliminate ROS and alleviate oxidative
stress [16,34]. Another reason that may be related is
that antioxidants cause an increase in nitric oxide pro-
duction, which has a role in blood vessel dilation and
lowers BP [35].

In contrast, the present research indicated that increased
[-carotene consumption may be associated with elevated
levels of BP. In line with this study, Lv ez /. [36] stated
that women with preeclampsia in their pregnancy had a
higher level of vitamin A than normal pregnant women.
The contributing mechanism behind it could be an act
of B-carotene as a pro-oxidant at high concentrations,
which can lead to oxidative stress and inflammation.
"This, in turn, can damage blood vessels and contribute to
the development of HTN [37]. Some investigations con-
firmed that dependent upon redox potential and other
biochemical properties, f-carotene may act as both an
antioxidant and a pro-oxidant [38].

Also, no association between dietary intake of retinol
with BP was observed. Consistent, another communi-
ty-based study did not observe any significant associa-
tion between vitamin A intake and HTN in adults [39].
However, a cohort perspective study demonstrated that
a higher intake of vitamin A, either animal-derived or
plant-derived, can have a presentational role against
H'TN [40]. Further studies are required since it is still
unclear how precisely retinol, B-carotene, and total
intake of vitamin A affect BP. About the result of this
study, it is worth mentioning that many different factors,
including genetics, lifestyle habits, and other dietary
components influence BP. These other factors may mask
the effects of retinol and vitamin A on BP. It is also pos-
sible that the effects of these nutrients may interact with
the effects of vitamin A. For example, a cross-sectional
study conducted on the Japanese population suggested
that 3-carotene may influence the genetic predisposition
to developing HTN [41].

[tis important to note that this study is just one piece of evi-
dence with some limitations. For example, observational
studies are unable to confirm cause-effect relations. In
addition, we could not measure or adjust the effect of some
confounders, such as the serum level of vitamin A. Besides,
the FFQ was applied for evaluating dietary intake, which
depends on long-term memory. On the other hand, some
of the strength points are included that there was access to
large sample size, all measurements were done by trained
people and in the standard method, and the effect of dif-
ferent confounders was adjusted in the different models to
increase the validity and reliability of the results.

Conclusion

The current study highlights that dietary intake of vita-
min A, retinol, and f-carotene has no beneficial effect
against HT'N. Furthermore, a higher intake of vitamin A
and P-carotene may have an adverse impact on the risk of

H'TN. To confirm this finding and obtain knowledge of
the underlying mechanisms, we need to conduct further
longitudinal studies. If the results obtained in the present
study are confirmed in future studies, limiting vitamin A
intake to the recommended amounts may be considered
a BP control strategy in people at risk of HTN.
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