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ABSTRACT

RESUMEN

Background: The rotating undergraduate medical internship
(RUMI) is associated with lifestyle changes that favor the devel-
opment of metabolic syndrome (MS). Objective: To compare
the incidence of MS in interns before and after RUMI and to
relate it to their habits and stress. Method: This single-center
prospective cohort study measured weight, body mass index
(BMI), systolic and diastolic blood pressure (SBP/DBP), fast-
ing glucose, glycated hemoglobin (HbA1c), and lipid profile.
Wilcoxon and Student’s t tests were used to compare numerical
variables, McNemar tests for categorical variables, and Spear-
man correlations for pre- and post-RUMI relationships. Results:
27 interns were included (mean age 24.7 £ 1.4 years; 55.6%
women). After RUMI, weight (+4.6 kg, p < 0.001), BMI (+1.68
kg/m?, p < 0.001), SBP/DBP (+2.0 mmHg, p = 0.002), glucose
(+5.0 mg/dL, p < 0.001), HbA1c (+0.25%, p = 0.001), total
cholesterol (+21.0 mg/dL, p = 0.021), and HDL (+7.5 mg/dL,
p =0.019) increased. Prediabetes (x? = 9.00; p = 0.0027) and MS
(x? = 5.00; p = 0.025) increased. Stress correlated with higher
low-density lipoprotein (p = 0.765; p < 0.0001) and triglycerides
(p=0.635; p=0.0004). Conclusion: RUMI was associated with
higher MS and prediabetes. Stress was associated with a worse
lipid profile. Screening and prevention programs are needed
in this population.

Keywords: Metabolic syndrome. Psychological stress. Medical
internship. Obesity. Prediabetes.

Antecedentes: El internado rotatorio de pregrado (IRP) se
asocia a cambios en el estilo de vida que favorecen el desa-
rrollo de sindrome metabdlico (SM). Objetivo: Comparar la
incidencia de SM en internos antes y después del IRP, y rela-
cionarlo con sus habitos y estrés. Método: Este estudio de
cohorte prospectivo unicéntrico midio: peso, indice de masa
corporal (IMC), presion arterial sistélica y diastélica (PAS/PAD),
glucosa en ayunas, hemoglobina glucosilada (HbA1c) y perfil
lipidico. Se usaron pruebas de Wilcoxon y t de Student para
comparar variables numéricas, pruebas de McNemar para las
categoricas y correlaciones de Spearman para las relaciones
pre-y post-IRP. Resultados: Se incluyeron 27 internos (edad
media 24.7 + 1.4 anos; 55.6% mujeres). Tras el IRP, aumentaron:
peso (+4.6 kg; p < 0.001), IMC (+1.68 kg/m? p < 0.001), PAS/
PAD (+2.0 mmHg; p = 0.002), glucosa (+5.0 mg/dL; p < 0.001),
HbATc (+0.25%; p = 0.001), colesterol total (+21.0 mg/dL;
p=0.021)y c-HDL (+7.5 mg/dL; p=0.019). Aument? la predia-
betes (x* = 9.00; p = 0.0027) y el SM (x> = 5.00; p = 0.025). El
estrés se correlacion6 a mayor c-LDL (p = 0.765; p < 0.0001)
y triglicéridos (p = 0.635; p = 0.0004). Conclusién: El IRP se
asocio a mayor SM y prediabetes. El estrés se asocié a peor
perfil lipidico. Se necesitan programas de tamizaje y preven-
cién en esta poblacién.

Palabras clave: Sindrome metabdlico. Estrés psicoldgico.
Internado médico. Obesidad. Prediabetes.
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INTRODUCTION

Metabolic syndrome (MS) is a public health concern defi-
ned as a cluster of metabolic abnormalities that increase
therisk of chronic diseases and augmented cardiovascular
risk’. Its diagnosis is established when at least three of the
following are present: abdominal obesity, hypertriglyceri-
demia, low levels of cholesterol, high-density lipoprotein
(HDL), hypertension, and impaired fasting glucose?.

In Mexico, the rotating undergraduate medical intern-
ship (RUMI) is a fundamental stage of the Medical
Career, combining theoretical and practical training
as a prerequisite for medical licensure®, However, the
working conditions of undergraduate medical interns
(UMls) are not fully regulated, often involving exten-
ded shifts, sleep deprivation, poor-quality nutrition,
and high levels of psychological stress, conditions that
may lead interns to adopt unhealthy behaviors, inclu-
ding increased alcohol and tobacco consumption?,
conducting to MS development by promoting insulin
resistance and a chronic proinflammatory state>.

While the prevalence of MS in the Mexican adult
population has been estimated in approximately
41%?9, its incidence and impact in medical trainees
(particularly UMIs), remain poorly studied with most
existing research focused on medical students or resi-
dents, leaving a gap in understanding the specific
risks faced during the internship year.

This study aimed to determine the prevalence of MS
among UMs at a university hospital in Puebla, Mexico,
and evaluate changes in its components: body weight,
body mass index (BMI), blood pressure (BP), fasting
glucose, glycated hemoglobin (HbA1c), triglycerides (TG),
total cholesterol (CHOL) and its fractions HDL, low-density
lipoprotein (LDL), and very-low-density lipoprotein
(VLDL), before starting and after completing the RUMI.

MATERIALS AND METHODS

Ethical considerations

This study was approved by the Research Ethics Commit-
tee of the Faculty of Medicine of the “Benemérita
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Universidad Auténoma de Puebla.”Record No. Book 3,037
sheet, 1066. Written informed consent was obtained from
all participants before enrollment and before each blood
draw.The study was classified as minimal risk (risk level I).

Study design and setting

We conducted an observational, longitudinal, pros-
pective cohort study at a university hospital in Puebla
between July 2023 and June 2024, attending to the
STROBE guidelines’.

Population and sample

Participation was voluntary, and invitation was exten-
ded to all interns assigned to the hospital during the
study period. Of 40 eligible interns, 34 consented
and 32 met eligibility after exclusions (1 hemolyzed
sample and 1 inadequate fasting). Five did not attend
the follow-up, leaving a final cohort of 27 interns for
longitudinal analyses (Supplementary figure 1).

Variables

Direct measured variables included weight, BMI, systo-
lic BP (SBP), diastolic BP (DBP), fasting glucose, HbA1c,
CHOL, TG, HDL, LDL, and VLDL. Independent variables
included age, sex, average daily sleep hours (DSH),
weekly exercise hours (WEH), alcohol use, smoking,
family history of metabolic disease, and perceived
stress measured using the Perceived Stress Scale (PSS)-
14 scale post-RUMI. Secondary variables were predia-
betes assessed through ADA 2024 criteria (fasting
glucose 100-125 mg/dL and/or HbA1c¢ 5.7-6.4%): BMI
categories (underweight < 18.5; normal 18.5-24.9;
overweight 25.0-29.9; obesity > 30 kg/m? and MS
diagnosed by modified ATP Il criteria (HDL < 40 mg/dL
in men or < 50 mg/dL in women, BP =2130/85 mmHg,
fasting glucose =100 mg/dL and/or HbA1c > 5.7% and
TG =150 mg/dL, BMI > 25 kg/m?).

Data collection and procedures

Weight, height, BMI, and BP were assessed through
routine clinical exploration. Venous blood was drawn
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Figure 1. Violin plots of continuous outcomes (Pre- and Post-rotating undergraduate medical internship). A: weight, B: body mass index,
C: systolic blood pressure, Dz diastolic blood pressure, E: fasting glucose, F: glycated hemoglobin, Gz triglycerides, H: total cholesterol, I: high-
density lipoprotein cholesterol, J: low-density lipoprotein-cholesterol, K: very-low-density lipoprotein cholesterol, and L: number of meta-
bolic syndrome criteria met (0-5). Each violin shows the kernel density; the central line denotes the median (Interquartile range shown as

the thick segment).

after 212 h fasting, glucose was measured by a colo-
rimetric enzymatic method (FUJIFILM DRICHEM
NX500i), HbA1c with BioHermes ATCEZ 2.0; lipid frac-
tions (HDL, LDL, VLDL, CHOL, and TG) were assayed by
standard enzymatic methods at the hospital clinical
laboratory. Stress was assessed with the PSS-14 vali-
dated for Mexican populations.

Statistical analysis

Analyses were performed in Jamovi v2.6.25 and
Python v3.11 using: pandas for data handling, numpy
for numerical operations, scipy.stats for inference,
and matplotlib for figures. Confidence level was 95%
and all tests were two-sided (o = 0.05). Continuous

variables were summarized with mean, median,
standard deviation, variance, interquartile range
(IQR), and range; categorical variables with counts
and percentages. All paired analyses used complete
pairs (n=27).

For each continuous outcome (weight, BMI, SBP, DBP,
fasting glucose, HbA1c, HDL, LDL-C, VLDL, CHOL,
TG, and MS criteria count), we assessed normality of
within-subject differences using Shapiro-Wilk test.
Wilcoxon signed-rank with Hodges-Lehmann (HL)
median difference with 95% confidence interval (Cl)
was performed. For non-parametric effect size, we
computed the rank-biserial correlation, and additio-
nally r = Z/+/n from the Wilcoxon normal approxima-
tion and represented the results in violin plots. When
the distribution was approximately normal, we ran
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paired t-tests, reporting the mean change with 95%
Cland Cohen’s d,. For binary endpoints, we estimated
the within-subject prevalence at both time points and
compared pre versus post using McNemar’s test. We
report the asymptotic x? (df = 1) and the two-sided
exact binomial p-value and used Stacked bar charts
to represent them.

Associations among variables were explored cross-
sectionally at each time point through Spearman’s
rank correlation and plotted these correlation matri-
ces as heatmaps (blue for negative, red for positive),
annotating statistical significance with * (p < 0.05), **
(p < 0.01), and *** (p < 0.001). All inferential outputs
were cross-validated between Jamovi and Python to
ensure consistency.

RESULTS

Baseline characteristics

27 interns were evaluated. Mean age was 24.7 + 1.4
years; 55.6% were female and 44.4% male. At
baseline, median BMI was 22.9 kg/m? (IQR 20.5-
25.9), with 37.0% meeting BMI = 25; median SBP/
DBP were 114/72 mmHg (IQR SBP 109-118; DBP
68-77), with 0% meeting BP = 130/85. Glyce-
mic markers were low-normal (fasting glucose
90 mg/dL [85-93]; HbA1c 4.8% [4.6-5.0]), and a
small proportion met prediabetes (3.7%). Lipids
showed HDL 40 mg/dL (32.5-49.5), LDL-cholesterol
103.8 mg/dL (92.4-119.1), CHOL 165 mg/dL (149-
183), TG 101 mg/dL (73-120.5), and VLDL 20.2 mg/dL
(14.6-24.1); 11.1% had TG = 150 mg/dL and 59.3%
had low HDL. The MS prevalence at baseline was
3.7%, with a median of 1T MS criterion per participant
(IQR 1-1) (Table 1).

Paired tests
Given the small sample size, Wilcoxon signed-rank
tests were used regardless of distributional assump-

tions (Fig. 1A-L). We found a significant increase post-
RUMIin: Weight (HLA =4.6 kg [-1.62-9.48]; p < 0.001);
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BMI(HL A =1.68 kg/m?[-0.61 to 3.81]; p < 0.001); SBP
(HL A = 2.0 mmHg [-2.5-16.5]; p = 0.002); DBP (HL
A =2.0mmHg [-1.0-14.0]; p < 0.001); Fasting glucose
(HL A = 5.0 mg/dL [-1.29-13.0]; p < 0.001); HbA1c
(HL A = 0.25 % [-0.25-0.50]; p = 0.001); CHOL (HL
A =21.0 mg/dL [-35.66-65.65]; p = 0.021); HDL (HL
A=7.5mg/dL[-8.79-29.0]; p = 0.019); and MS criteria
count (HL A = 0.5 [-0.79-2.0]; p = 0.018). We did not
find a clear change in: TG (HLA = 17.0 mg/dL [-77.15
t0214.58]; p=0.301); LDL (HL A =5.85 mg/dL [-34.78-
38.52];p=0.361); norVLDL (HLA=2.5mg/dL[-10.48-
40.95]; p=0.194).

We also performed paired t-test for outcomes that
distributed approximately normal (assessed by
Shapiro-Wilk test) to confirm these findings (Supple-
mentary table 1).

Categorical changes

To evaluate if these increases clinically impacted the
interns, we performed McNemar’s tests to compare
the proportion of interns that met each MS diagno-
sis criteria (Fig. 2A-F). There was minimal change in
BMI = 25 (x? = 0.33, p = 0.564), unclear increase in BP
>130/85 (x? = 4.00, p = 0.045), modest increase in TG
>150 mg/dL (x* =0.67, p = 0.414), and small decrease
of HDL (x2 = 0.69, p = 0.405), however a marked
increase in Prediabetes (x?> = 9.00, p = 0.0027), and
MS (x? = 5.00, p = 0.025) were found. Exact p-values
corroborated this since prediabetes reached signifi-
cance (p =0.0039) and MS was marginally significant
(p =0.06).

Outcomes correlation

We performed Spearman correlations between risk
factors and outcomes at both time points, pre- and
post-RUMI (Fig. 3A-B), finding expected correlations
between lipids (VLDL-TG, CHOL-LDL, CHOL-TG), and
BP components (SBP-DBP), as well as other clinically
significant.

DSH was correlated with MS criteria (p = 0.491,
p =0.0092) in the pre-RUMI analysis and with weight
at both time points (Pre: p = 0.486, p = 0.010; Post:
p=0.415,p=0.031).
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Table 1. Baseline characteristics

Variable Overall n = 27 (100%)
Gender, n (%)

Female 15 (55.6)

Male 12 (44.4)
Age (years)

Mean (SD) 247 (14)

Range 22.0-28.0
Weight (Pre, kg)

Mean (SD) 624 (12.2)

Range 35.8-88.5
Height (Pre, m)

Mean (SD) 1.6 (0.1)

Range 14-1.8
BMI (Pre, kg/m?)

Mean (SD) 229 (34)

Range 16.1-28.8
BMI category (Pre), n (%)

Normal weight (N) 15 (55.6)

Overweight/Obesity (OW) 10 (37.0)

Underweight (U) 2(74)
Personal history of MD, n (%)

No 21 (77.8)

Yes 6 (22.2)
Family history of MD, n (%)

No 17 (63.0)

Yes 10 (37.0)
Smoking (Pre), n (%)

No 25(92.6)

Yes 2 (74)
Alcohol use (Pre), n (%)

No 19 (70.4)

Yes 8 (29.6)
Weekly exercise hours, WEH (Pre, hours/week)

Mean (SD) 29 (2.1)

Range 0.0-5.0
Daily sleep hours, DSH (Pre, h/day)

Mean (SD) 55(0.8)

Range 4.0-7.0
Systolic blood pressure, SBP (Pre, mmHg)

Mean (SD) 1129 (7.1)

Range 100.0-126.0
Diastolic blood pressure, DBP (Pre, mmHg)

Mean (SD) 72.1 (6.8)

Range 56.0-82.0
Fasting glucose (Pre, mg/dL)

Mean (SD) 88.1 (7.8)

Range 72.0-102.0

(Continues)
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Variable Overall n = 27 (100%)
HbATc (Pre), n (%)

Mean (SD) 4.8 (0.3)

Range 42-54
Triglycerides, TG (Pre, mg/dL)

Mean (SD) 101.1 (38.2)

Range 25.0-191.0
Total cholesterol, CHOL (Pre, mg/dL)
Mean (SD) 166.3 (24.0)
Range 124.0-229.0
LDL-cholesterol, LDL (Pre, mg/dL)

Mean (SD) 105.7 (18.8)

Range 74.8-1504
HDL-cholesterol, HDL (Pre, mg/dL)

Mean (SD) 404 (9.8)

Range 23.0-61.0
VLDL (mg/dL)

Mean (SD) 20.2 (7.6)

Range 5.0-38.2
TG/HDL ratio (Pre)

Mean (SD) 2.7 (14)

Range 0.6-6.8
BMI > 25 kg/m? (Pre), n (%)

No 17 (63.0)

Yes 10 (37.0)
BP > 130/85 mmHg (Pre), n (%)

No 27 (100.0)
Prediabetes (Pre), n (%)

No 26 (96.3)

Yes 1(3.7)
TG > 150 mg/dL (Pre), n (%)

No 24 (88.9)

Yes 3(11.1)
Low HDL-C (Pre), n (%)

No 11 (40.7)

Yes 16 (59.3)
MS criteria count (Pre, 0-5)

Mean (SD) 1.1 (0.7)

Range 0.0-3.0
Metabolic syndrome, MS (Pre), n (%)

No 26 (96.3)

Yes 1(3.7)

Baseline characteristics of undergraduate medical (n = 27). Continuous variables are shown as mean (standard deviation) and range; categorical variables as n (%).
SD: standard deviation; BMI: body mass index; MD: metabolic disease (diabetes, dyslipidemia, hypertension or cardiovascular disease reported); WEH: weekly exercise
hours; DSH: daily sleep hours; SBP: systolic blood pressure; DBP: diastolic blood pressure; TG: triglycerides; CHOL: total cholesterol; LDL: low-density lipoprotein
cholesterol; HDL: high-density lipoprotein cholesterol; VLDL: very-low-density lipoprotein cholesterol; MS: metabolic syndrome. Low HDL-C, TG = 150 mg/dL, BMI = 25
kg/m? and prediabetes are shown according to standard cut-offs used for MS components.
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Figure 2. Stacked bar charts of metabolic syndrome components (Pre- and Post-rotating undergraduate medical internship). A: body mass
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Figure 3. Spearman correlation heatmaps A: pre-RUMI, panel; B: post-RUMI, panel. Color scale indicates correlation magnitude and direction
(from —1 to +1). Significance is marked as *p < 0.05, **p < 0.01, ***p < 0.001 (two-sided). BMI: body mass index; PSS: perceived stress scale;
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protein; HDL: high-density lipoprotein; VLDL: very-low-density lipoprotein; MS: metabolic syndrome.
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In the post-RUMI, PSS score was directly correlated
with LDL (p = 0.765, p < 0.0001) and TG (p = 0.635,
p = 0.0004) and inversely correlated with HDL
(p=0.533, p=0.0042), suggesting an important role in
lipid profile. As for clinical variables, weight inversely
correlated with HDL (Post: p =-0.410, p =0.0336), and
BMI directly correlated with HbA1c (Post: p = 0.395,
p = 0.0416), consistent with risk clustering, but
noteworthy given the short follow-up.

DISCUSSION

Our study found changes in key metabolic measure-
ments after just 1 year of RUMI. In continuous outco-
mes, we observed higher weight and BMI, modest but
consistent increases in both SBP and DBP, and worse-
ning glycemic markers (fasting glucose, HbA1c). In the
lipid profile, HDL and CHOL rose while LDL showed no
clear change and TG were largely stable. Categorical
analyses corroborated these trends, finding a marked
rise in prediabetes and MS prevalence. Correlations
revealed noteworthy associations between percei-
ved stress and an atherogenic lipid profile. Although
these metabolic changes may be attributed to several
variables, herein, we will focus on sleep deprivation,
physical activity and stress as the measured factors in
our population.

Sleep deprivation

In this cohort, a significant reduction in daily sleep
time was observed (A =-1.96[-2.10,-1.83], p < 0.01).
Sleep deprivation is an inherent part of medical
internships and is perhaps the single most perva-
sive stressor with multi-faceted metabolic effects®.
Restricting sleep disrupts metabolism through corti-
sol elevation and activates the hypothalamic-pitui-
tary-adrenal (HPA) axis inducing a pro-inflammatory
state®, reducing insulin sensitivity'?, and promoting
endothelial dysfunction, which, over time, impairs
the normal BP'".

Sleep deprivation is also related to leptin reduction
and ghrelin increase which leads to hunger and
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craving for high calorie foods. In fact, people who
habitually sleep < 6 h tend to consume more calories
(~300 kcal more/day) and have higher rates of weight
gain and obesity than those who sleep for 7-8 h'3.

Lipid metabolism is affected as well. Normally,
triglyceride levels dip at night and peak after daytime
meals; lack of sleep and nighttime eating can flatten
or invert these rhythms'4. Some studies report that
a single night of total sleep deprivation can acutely
raise free fatty acid levels and reduce next-day fatty
acid clearance®. Over time, recurrent sleep loss might
contribute to higher fasting TG and lower HDL, as it
was appreciated here'>.

Fortunately, many of these effects are reversible or
mitigable; recovery sleep and “sleep hygiene” measu-
res can restore normal hormone levels (e.g., brin-
ging cortisol and ghrelin back to baseline). Strategic
napping or catch-up sleep on days off may partly
offset weekly sleep debt; one study found that those
who managed weekend catch-up sleep had better
insulin sensitivity than those who did not®.

Physical inactivity

Just like sleep time, exercise hours changed signi-
ficantly after RUMI, with median WEH dramatically
dropping from 3 (0-5) at baseline to 0 (-2.89 [-3.73,
-2.04]) at follow-up. Reduced muscle activity lowers
energy expenditure and worsens insulin sensitivity,
favoring weight gain and glucose metabolism abnor-
malities'®. In fact, a previous study among medical
residents showed that physical inactivity favored
overweight and obesity as training progressed, rosing
from 30% in the 1t year to 49% by the 3™ year'’.

Exercise is also related to lipid metabolism as it boosts
lipoprotein lipase, which clears TG, and raises HDL
levels'®. Therefore, inactivity lowers HDL and raises
LDL and TG, contributing to an atherogenic lipid
profile’.

Psychological stress

Similar to sleep deprivation, chronic psychological
stress activates the HPA axis and elevates cortisol
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levels'8, promoting central fat deposition and incre-
asing appetite by stimulating ghrelin production’®.

Stress and MS have been closely related in several
studies, either to higher BP?9, visceral adiposity?!,
hyperglycemia and insulin resistance??, and lipid
metabolism™. A previous meta-analysis found that
individuals with higher perceived stress had signifi-
cantly higher BMI, waist circumference, TG, and DBP
than those with low stress, because stress stimulated
lipolysis, releasing free fatty acids into circulation?2.
In this cohort, a close relation between the PSS-14
score with LDL and TG levels, as well as an inverse
relation to HDL, was observed confirming this obser-
vation.

Besides this, stressed individuals are more susceptible
to “stress-eating,” which directly lead to weight gain
and dyslipidemia?3. Indeed, college students with
higher perceived stress report more unhealthy dietary
habits?3, being more propense to have overweight
than low-stress peers?, reinforcing that psychological
stress is a central driver of the MS development, and
pointing out that stress-reduction interventions are
fundamental not only to reduce stress scores, but to
improve the metabolic profile of the medical trainees?.

Clinical implications

Medical trainees face extended shifts with sleep
deprivation, physical inactivity, and high psychoso-
cial stress that synergistically elevate their metabo-
lic risk?6. Our findings underscore an urgent need
for comprehensive, hospital-based interventions to
protect trainees’ metabolic health.

First, the continuous metabolic screening should be
performed in order to provide preventive counse-
ling or take actions about it?’. As it has been probed
in residents, the integration of a wellness program
focused on mental health, sleep, and quality of life
could mitigate fatigue and endocrine stress, impro-
ving global health?®. This program should consider
lunchtime hours with healthy options?®, physical
activity programs3°, and dedicated psychological
support®'. Altogether, these interventions should be
considered by health institutions not only to prevent
MS in residents and interns but also to improve their

overall performance, long-term health, and capacity
to deliver optimal patient care.

Limitations and future work

There were some limitations in our study like the
small sample size, single-center design, and lack of
other confounding variables (as diet and PSS pre-
RUMI), which limits precision and generalizability of
our results. However, its prospective, paired, within-
person design with cross-validated analyses enhan-
ces robustness, capturing real working conditions
of interns in Mexico (population scarcely studied).
Therefore, future work should be focused on multi-
center and larger cohorts, using validated instruments
at baseline and follow-up for diet, physical activity,
sleep, and stress, and it should also consider inter-
ventional designs targeting sleep hygiene, healthy
nutrition, physical activity, and stress management
within hospital workflows.

CONCLUSION

In this paired cohort of medical interns, we observed
consistent adverse changes post-internship across
adiposity, BP, glycemia, and lipid profile, alongside a
marked increase in prediabetes and MS. While explo-
ratory and limited by sample size, these findings
highlight the rapid metabolic impact of internship
demands and support the need for targeted institu-
tional strategies to mitigate cardiometabolic risk in
medical trainees. Future controlled and mechanistic
studies are warranted to confirm these associations
and to evaluate comprehensive wellness interven-
tions in this population.
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