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Introduction. The number of people with borderline hy-
pertension increases every year, this condition is associ-
ated with modifiable habits.

Objective. Assess the occurrence and factors associ-
ated with borderline hypertension in medical students at 
the Autonomous University of Guerrero.

Methods. A cross-sectional study was carried out in Oc-
tober 2023 on a sample of 190 medical students. A self-
administered questionnaire collected sociodemographic 
information and potential associated factors, including 
the body mass index. We measured the systemic blood 
pressure twice to detect borderline hypertension. We 
used bivariate and multivariate analysis to identify the 
factors associated with borderline hypertension. 

Results. The occurrence of borderline hypertension was 
30%. A higher proportion of male students had border-
line hypertension (55%, 42/76) than female students 
(13%, 15/114), p<0.01. Factors associated with border-
line hypertension were body mass index >25 (ORa: 4.23, 
95%CI 2.06 – 8.70) and male sex (ORa: 7.28, 95%CI 
3.59 – 14.77).

Conclusions. Three out of ten students had borderline 
hypertension. The provision of comprehensive care for 
young individuals with borderline hypertension is of es-
sential importance in the prevention of progression to 
systemic hypertension.

Keywords: blood pressure, borderline hypertension, 
medical students, body mass index, HTN

Introducción. Cada año aumenta el número de perso-
nas con presión arterial limítrofe, la condición está aso-
ciada a hábitos modificables.

Objetivo. Conocer la ocurrencia y factores asociados a 
presión arterial elevada en estudiantes de medicina. 

Método. Estudio transversal en 190 estudiantes reali-
zado en octubre de 2023. Un cuestionario auto admi-
nistrado recopiló información sociodemográfica y de po-
tenciales factores asociados, incluido el índice de masa 
corporal. Para la detección de presión arterial elevada 
se midió en dos ocasiones la presión arterial sistémica. 
Mediante análisis bivariado y multivariado se identifica-
ron los factores asociados a presión arterial elevada. 

Resultados. La frecuencia de presión arterial elevada 
fue 30%. Hubo mayor proporción de casos con presión 
arterial elevada en hombres (55%, 42/76) que en mu-
jeres (13%, 15/114) (p<0.01). Los factores asociados a 
presión arterial elevada fueron índices de masa corporal 
>25 (ORa: 4.23, IC95% 2.06 – 8.70) y sexo masculino
(ORa: 7.28, IC95% 3.59 – 14.77).

Conclusiones. Tres de cada diez estudiantes presen-
taron presión arterial elevada. Esta condición requiere 
de atención integral en personas jóvenes para evitar el 
progreso a hipertensión arterial sistémica.

Palabras clave: presión arterial, hipertensión arterial 
limítrofe, estudiantes de medicina, índice de masa cor-
poral, hipertensión. 
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he World Health Organization (WHO) estimates 
that 1.4 billion adults worldwide have systemic 
hypertension (HTN). Each year, approximately 

1.6 million people die from HTN-related causes. Cardio-
vascular diseases account for 23% of deaths in Mexico, 
with HTN being one of the main contributing factors. The 
estimated prevalence of undiagnosed systemic arterial 
hypertension is 70%,.  Around 30% of adults in Mexico 
have HTN,, including 11% of women and 20% of men. In 
the state of Guerrero, the prevalence of HTN was 18% 
in 2018, with 21% of women and 14% of men affected.

In 2024, the European Society of Cardiology (ESC) in-
troduced the term ‘borderline hypertension’ to identify 
cases that could potentially progress to HTN. Borderline 
hypertension is a multifactorial condition characterized 
by increased systemic blood pressure. Individuals who 
drink alcohol and smoke tobacco, are not physically ac-
tive, have a family history of high blood pressure (HBP) 
or have a body mass index (BMI) >25 are more likely 
to develop borderline hypertension,. In Mexico, a BMI 
>25 is the main cause of systemic hypertension in young
people. Regular aerobic exercise lowers systemic blood
pressure,. Reducing BMI favours normal blood pressure
levels.

The development of HTN is linked to excessive alcohol 
consumption,. Young people with borderline hyperten-
sion consume significant amounts of alcohol. Smoking 
at an early age increases the risk of HTN. Systemic 
hypertension is more likely to develop in women who 
smoke. Tobacco use increases the risk of peripheral 
vascular disease and elevated diastolic blood pressure. 
However, tobacco use is a modifiable risk factor. It can 
lower systemic blood pressure. 

In Mexico, one-third of adults have HTN. However, only 
half of these individuals have their condition under con-
trol4. Access to healthcare services is significantly as-
sociated with the diagnosis and management of HTN. 
Maintaining a healthy weight, reducing alcohol consump-
tion and increasing physical activity are lifestyle chang-
es that can prevent systemic hypertension. Screening 
for high blood pressure at an early age could prevent 
it from progressing to HTN. Preventive habits are usu-
ally formed in childhood. Therefore, it is important that 
future healthcare providers, such as medical students, 
are aware of this so they can contribute to the early de-
tection of hypertension and provide optimal care for their 
patients. The aim of our study was to determine the oc-
currence of borderline hypertension and its associated 
factors among medical students.

his was a cross-sectional study of students 
at the Faculty of Medicine of the Autonomous 
University of Guerrero, Mexico, conducted 

from October 19 to 24, 2023. The study population 
consisted of 197 students who attended a typical day 
of classes. We surveyed four groups and collected data 
from one group each day. With this sample size, we 
could detect an odds ratio (OR) of 2.0 with 95% confi-
dence and 80% power.

Participants completed a structured questionnaire pro-
viding information on personal and sociodemographic 
details, comorbidities, smoking habits, alcohol con-
sumption, physical activity levels, perceived stress level, 
and family history of HTN. The participants´ weight and 
height were also recorded to calculate their BMI, and we 
measured their systemic blood pressure twice.

Participants selection criteria

Inclusion criteria: Enrolled students who attended an or-
dinary day of classes and agreed to participate in the 
study. The exclusion criteria were consuming alcohol 
on the day of the survey or the previous day; smoking, 
drinking coffee or exercising 30 minutes prior to having 
their blood pressure measured; reporting pregnancy; or 
taking medication that alters blood pressure. Elimination 
criteria: Students who did not have both blood pressure 
measurements taken. They were also eliminated if they 
did not answer the relevant questions for establishing 
associations.

Measurement procedure

The instruments used for measurement were: A 46-ques-
tion questionnaire; digital sphygmomanometers for 
measuring systemic blood pressure; scales for measur-
ing body weight and portable stadiometers for measur-
ing height.

We explained the study objectives to the students, who 
were also given instructions on how to complete the 
questionnaire. We trained in advance the staff assigned 
to data collection. The questionnaire collected informa-
tion on the following variables: age; sex; school year; 
marital status; ethnic group; employment; socioeco-
nomic status; comorbidities; family history of HTN; al-
cohol or tobacco use; physical activity; stress; and BMI, 
estimated from weight and height. We used the AMAI 
2022 questionnaire to measure socioeconomic status. 
We assessed physical activity using the short form of the 
International Physical Activity Questionnaire (IPAQ7), 
classifying individuals as having low physical activity if 
they scored ≤600 metabolic equivalent task minutes per 
week (METs-min/week). 
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We assessed tobacco and alcohol consumption using 
self-reporting. We assessed perceived stress using the 
14-item Perceived Stress Scale (PSS-14) questionnaire,
classifying individuals as experiencing no perceived
stress if they scored ≤28.

Once the students completed the questionnaire, the staff 
measured their systolic and diastolic blood pressures us-
ing an Omron HEM-7120® digital cuff sphygmomanome-
ter. To avoid measurement bias, each student sat quietly 
for at least fifteen minutes with their feet on the floor and 
their left arm at heart level. We estimated the average 
of the systemic blood pressure using two systolic and 
diastolic blood pressure measurements taken five min-
utes apart.

We measured the students´ weight, without shoes, 
heavy clothing, or accessories using a digital SECA® 
scale. We measured students´ height using a SECA® 
portable stadiometer. We calculated BMI by dividing 
weight in kilograms by height in metres squared, follow-
ing WHO classification.

Conceptual and operational definition of borderline hy-
pertension

Conceptual definition. Borderline hypertension is a mul-
tifactorial condition characterized by an increase in sys-
temic blood pressure12.

Operational definition. Participants with borderline hy-
pertension were those with an average of two blood 
pressure measurements equal to or greater than the 
following values: systolic blood pressure of 120–139 
mmHg; and  diastolic blood pressure of 70–89 mmHg11.

Ethical considerations

The Ethics Committee of the Centre for Tropical Disease 
Research (CIET), reviewed and approved the study pro-
tocol, on 28 February 2023 (ruling number 2023-002). 
Participation was voluntary and all participants provided 
informed consent. All data collected were confidential 
and anonymous. We referred for medical consultation 
and care to those detected students with borderline hy-
pertension or suspected HTN. The research posed mini-
mal risk to the students. We shared the main findings 
with the participants and the academic authorities at the 
Faculty of Medicine.

Data analysis

We entered the data twice, to reduce typing errors, using 
the Epi Data 3.1 programme. Statistical analysis relied 
on the CIETmap 2.1 SE programme. We calculated sim-
ple frequencies of the study variables. Bivariate and mul-
tivariate analyses, as well as confounders control, relied 
on the Mantel-Haenszel procedure, using a significance 
level of 0.05. Odds ratios and 95% confidence intervals, 
as proposed by Miettinen, measured the strength of as-
sociation.

e contacted 197 students to take 
part in the study. Seven students 
declined to participate, resulting in 

190 useful observations. The interruption of school ac-
tivities due to Hurricane Otis on 24 October 2023 pre-
vented to contact additional students.  

Sociodemographic data

The study revealed that 60% of the participants were fe-
male and 40% were male. The students were between 
17 and 28 years old, with a mean age of 19.8. Of the 
students, 88 (46%) were in their first year, 77 (41%) in 
their second year, and 25 (13%) in their third year. Table 
1 shows other sociodemographic characteristics of the 
students. 

Table 1. Sociodemographic characteristics of students
Characteristic Categories n=190 %

Ethnic group

Mestizo
Ñuu Savi
Me´phaa
Ñomndaa

Náhua
Other

174
6
5
2
2
1

91
3
3
1
1
1

Socioeconomic status

High
Middle high

Typical middle
Emerging middle

Extreme low
Typical low

73
52
30
22
6
7

38
27
16
12
3
4

The student works
Yes 32 17

No 158 83

Student’s marital status Single 185 97
Married 5 3

Maternal history of systemic 
hypertension

Yes
No

Do not know 

22
155
13

12
81
7

Paternal history of systemic 
hypertension

Yes 30 16
No 138 73

Do not know 22 11

Consumption of tobacco and alcohol

Thirty-six percent (71/190) of students reported tobac-
co use at some point in their lives, of whom 49 percent 
(35/71) already quit. Among those current smokers, 86 
percent (31/36) use it occasionally and 14 percent (5/36) 
use it frequently. Seventy-three percent (138/190) of 
students consumed alcohol at some point in their lives, 
twelve percent (17/138) already stopped. Of those who 
currently consume alcohol, 93% (113/121) do so occa-
sionally, while 7% (8/121) do so frequently.
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Perception of stress

Fifty-seven percent (108/190) of students reported ex-
periencing occasional stress, 32% (60/190) reported 
experiencing moderate stress, 10% (19/190) reported 
not experiencing stress, and only 1% (3/190) reported 
experiencing high stress. 

Self-reported chronic degenerative diseases

Seventy-eight percent (148/190) of students reported 
normal blood cholesterol levels; 3% (5/190) reported 
high blood cholesterol levels; and 19% (37/190) did not 
know. 92% (175/190) of young people reported not hav-
ing kidney disease; only one student reported having this 
condition, and 7% (14/190) did not know. 94% (179/190) 
of students said they did not have diabetes mellitus; 
only one student reported having this condition, and 5% 
(10/187) did not know. In terms of body weight, 58% (110 
out of 190) of participants were of normal weight, 38% 
(74 out of 190) were overweight or obese, and 4% (6 out 
of 190) were underweight.  

Table 2. Bivariate analysis of factors associated with border-
line hypertension

Factor
Borderline 

hypertension ORun1 95%CI2

n %

Sex Male
 Female

42/76
15/114

55
13 8.15 4 – 19.78

Age 17 to 19 
years 26/88 30 0.96 0.48-1.88

20 to 28 
years 31/102 30

Marital status Married 2/5 40 1.58 0.24– 
30.30

Single 55/185 30
Socioeconomic 

level Low level 7/13 54 3.69 0.87– 
18.68

High level 25/104 24
Reporting high 

blood cholesterol 
levels

Yes 4/5 80 10.10 1.29– 
13.78

No 42/148 28
Maternal history 

of HNT
Yes 6/22 27 0.86 0.16 – 2.34
No 47/155 30

Paternal history 
of HNT

Yes 13/30 43 2.17 0.97– 5.38
No   36/138 26

Has ever smoked 
in their life

Yes 30/71 42 2.49 1.26-5.10
No 27/119 23

Has ever drunk 
alcohol in their life

Yes 40/138 29 0.84 0.42 – 1.89
No 17/52 32

Level of physical 
activity

Low 
physical 
activity

8/29 28 0.87 0.24-2.11

High 
physical 
activity 

49/161 30

Body Mass Index BMI >25 38/74 51 5.06 2.52– 11.35
BMI <25 19/110 17

1 = Odds ratio unadjusted 
2 = 95% confidence interval

Factors associated with borderline hypertension

Thirty percent (57/190) of students met the operational 
definition of borderline hypertension. A higher propor-
tion of males (55%, 42/76) had borderline hypertension 
than females (13%, 15/114), and this difference was 
significant (p<0.01). Thirty percent (53/174) of mestizo 
students had borderline hypertension, compared to 25% 
(4/16) of indigenous students, a difference that was 
not significant (p=0.86). Of first-year students, 29.5% 
(26/88) had borderline hypertension, compared to 29.9% 
(23/77) of second-year students and 32% (8/25) of third-
year students. These differences were not significant 
(p=0.92).

The bivariate analysis identified four potential risk fac-
tors for borderline hypertension: tobacco use, a BMI 
>25, male sex and self-reported high blood cholesterol
(see Table 2). The final multivariate analysis model (Ta-
ble 3) revealed that male sex and BMI >25 remained
significantly associated to borderline hypertension. The
variable with the greatest effect size was male sex (ORa
7.28, 95%CI 3.59 - 14.77).

Table 3. Multivariate analysis of factors associated with bor-
derline hypertension

Factor ORun1 ORa2 95%CI3 X2 het4 p5

Body Mass Index 
>25 5.06 4.23 2.06 – 8.70 15.43 0.92

Male sex 8.31 7.28 3.59 – 14.77 30.21g 0.92

1 = Odds ratio unadjusted, 2 = Odds ratio adjusted ado, 3 = 95% confidence 
interval, 4 = Heterogeneity X2, 5 = p value of heterogeneity X2 

he study found that three out of ten students 
had borderline hypertension and identified two 
associated factors: male sex and a BMI great-

er than 25. The study aimed to estimate the occurrence 
of borderline hypertension and its associated factors in 
medical students. 

The occurrence of borderline hypertension in our study 
was 30%, which is a similar figure to that reported in 
other studies of university students (24%)14. However, 
research in Latin American countries reported higher fig-
ures: 32% and 37%,. In contrast, a study in countries of 
the Association of Southeast Asian Nations found low 
figures of 11% to 19%. Authors attributed these differ-
ences to income levels, dietary habits, and body weight 
in these countries.

A study in which participants had their blood pressure 
measured once found that 33% of them had persistently 
high blood pressure. We took blood pressure measure-
ments twice from the students. The incidence of high 
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blood pressure increases with age, so it is alarming to 
observe relatively high readings in young medical stu-
dents. Implementing a primary healthcare approach 
from an early age is crucial in preventing the progression 
to HTN.

Increased blood pressure is common among adults 
aged 20 and over, especially among those who are over-
weight or obese19. In developing countries, borderline 
hypertension is more common and progressing to HTN 
than is generally thought. This may be due to insufficient 
monitoring of the condition in the population. Early de-
tection of HTN is essential for timely medical manage-
ment. Therefore, young patients should have their blood 
pressure checked during routine physical examinations.

Our study revealed a significant difference in the oc-
currence of borderline hypertension between men and 
women. Overall, high blood pressure is more common in 
men than in women,. The condition is especially preva-
lent among overweight or obese men. Hormonal differ-
entiation and sexual dimorphism during adolescence 
may be the reason for this higher occurrence in men,.
The oestrogen’s protective effect on the cardiovascular 
system is a plausible explanation of normal blood pres-
sure levels in women. Inadequate knowledge or habits 
regarding the preparation of healthy food may contribute 
to elevated blood pressure among men. 

Our study found an association between a BMI >25 and 
borderline hypertension. This finding is consistent with 
studies conducted on students of similar age groups. An 
increased BMI and abdominal circumference, caused 
by excessive body fat, predict elevated blood pressure 
and the development of hypertension15,. The rise in blood 
pressure associated with a high BMI is a risk factor for 
cardiovascular disease14. The relationship between co-
morbidities and the development of cardiovascular com-
plications underscore highlights the need to promote 
prevention strategies. Engaging in physical activity and 
adopting healthy eating habits are both essential to pre-
vent increases in blood pressure. 

Limitations

This was a cross-sectional study, which may involve a 
potential temporal bias. However, we consider that the 
associated factors identified precede the diagnosis of 
high blood pressure. The gender variable undoubtedly 
precedes the effect. Therefore, there is no temporal bias. 
Many studies conclude that being overweight or obese 
causes HTN. Hurricane Otis, category five, halted the re-
search. We only interviewed 190 students, and the sam-
ple size is therefore limited.  Nevertheless, the findings 
identified two factors associated with borderline hyper-
tension in medical students. It is concerning that one in 
three future doctors has borderline hypertension. How-
ever, the results of our study only apply to public medi-
cal schools. This finding raises the question of what the 
prevalence of systemic hypertension will be among med-

ical professionals. In theory, doctors experience greater 
stress due to the demands of their profession. They are 
also older than medical students and some engage in 
less physical activity due to time constraints.

Ultimately, 30% of medical students had borderline hy-
pertension, with the associated factors being male and a 
BMI >25. Providing comprehensive care for young peo-
ple with borderline hypertension is essential for prevent-
ing progression to systemic hypertension.
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