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Abstract:  Objective: given the dramatic increase of diabetes in the world, the objective
of this research was to analyze the values of blood glucose in a university population again
income to support strategies for detection and preventive management of pre-diabetes
and diabetes. Materials and methods: this is an observational, analytical, cross-sectional,
non-probabilistic study to analyze biochemical markers in two freshman populations
in a School of Medicine, 367 students enrolled in 2011 and 430 enrolled in 2016. e
study variables were glycemia, triglyceridemia, and cholesterolemia. Statistical measures
of central tendency, dispersions, and correlations for the groups, and applied Chi-square
to clinical categories was analiced. Results: it was found significant increases in women
in glycemia between 2011 and 2016: t = -4.582 (p = 0.0001) and cholesterolemia
t = -9.124 (p = 0.0001). Men had significant increases in glycemia with t = -6.428
(p = 0.0001) and cholesterolemia with t = -9.499 (p = 0.0001). ere was a higher
prevalence of prediabetes and total cholesterol in borderline levels and risks in the 2016-
population. We found correlation in men and women regarding glucose-triglycerides,
glucose-cholesterol, and cholesterol-triglycerides in both populations. Conclusions: in
the sample of 2016 there was increase in young adults at risk of developing type 2 diabetes
mellitus and atherosclerosis by what is needed to develop strategies to improve lifestyle.
Keywords: hyperglycemia, prediabetic state, hypercholesterolemia, risk, youth.
Resumen:  Objetivo: a nivel global se ha observado un desplazamiento hacia la derecha
los promedios de glucosa y colesterol en sangre. Esto aumenta la probabilidad de
desarrollar enfermedades no transmisibles. Por ello el objetivo fue analizar la prevalencia
de anomalías en adultos jóvenes. Materiales y métodos: es un estudio observacional,
analítico, transversal, no probabilistico. Se realizó en el Centro Clínico de una Escuela
de Medicina en el sureste de México. Participaron poblaciones de nuevo ingreso a una
facultad de medicina, 367 jóvenes en 2011, y 430 en 2016. Mediciones principales.
Glucemia, trigliceridemia y colesterolemia en ayuno. Se analizaron estadísticos de
tendencia central, dispersiones y correlaciones para los grupos. También Chi2 para
categorías clínicas. Resultados: se encontraron incrementos significativos en mujeres de
glucemia entre 2011 y 2016, t = -4.582 (p = 0.0001) y colesterolemia, t = -9.124 (p
= 0.0001). Los hombres también tuvieron incrementos significativos en glucemia con
t = -6.428 (p = 0.0001) y colesterolemia con t = -9.499 (p = 0.0001). Hubo mayor
prevalencia de prediabetes y colesterol total en niveles mayores al deseable en la población
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de 2016. Se encontró correlación en mujeres y hombres entre glucosa-triglicéridos,
glucosa-colesterol y colesterol triglicéridos en ambas poblaciones. Conclusiones: en
2016 hubo incremento en la proporción de individuos en riesgo de desarrollar diabetes
de tipo 2 y aterosclerosis.
Palabras clave: hiperglucemia, estado prediabético, hipercolesterolemia, riesgo, jóvenes.

Introduction

In the second half of the XX century, an increase of non-communicable
diseases (NCD) occurred, and was considered a pandemic. e load of
these diseases also shows a dramatic increase in disability adjusted live
years (DALYs). In Mexico, type 2 diabetes (T2DM) had a DALYs of
280,985 years in men, with a 98% increase in 2010, when 557,925 years
with disability were calculated. For women, DALYs caused by T2DM
were of 324,988 in 1990 and 526,724 in 2010 with a 57% increment [1].
However, this calculation considers the losses starting at the diagnosis
of disease, which is oen delayed [2]. e prevalence of people with a
previous diagnosis of T2DM was of 7% in 2000, 7.2% in 2016, 9.2 in
2010, and 9.4% in 2016 [3].

e risk factors considered for the increase in the probability of
premature death (between 30 and 70 years of age) due to NCD are
overweight-obesity, hyperglycemia, arterial hypertension, low physical
activity [4]. But these are effects and not the root cause of the problems.
In this way, the Health Care System is oriented at palliating the
consequences at the most when performing preventive medicine, and not
in defining a strategy to attack the origin of the problem, which is shared
with other NCD like atherosclerosis, stroke, hypertension, non-alcoholic
liver cirrhosis, renal failure, various types of cancer [4-5].

Independently from the root causes, their consequences appear many
years before diagnosing the disease. For example, for T2DM it is accepted
that neuropathy appears 10 years before the diagnosis, as well as the
hepatic alterations, kidney disease, and retinopathy. is occurs because
the fundamental injury of this disease starts to be generated many years
before the habitual diagnosis [2,6].

In the last decades, a continuous displacement has been observed of
the biochemical markers values, like glucose in blood, in the worldwide
population [7]. However, these are not the only ones to have been
detected. Changes in triglycerides levels, total cholesterol [8], albumin-
globulin relation, although within the desirable cut-off limits, represent
a modification towards risk values for NCD. In Mexico, it was found
that of the population that had undergone a previous measure of total
cholesterol (44.5% of the adults of the survey) 20.8% had received the
diagnosis of hypercholesterolemia [3].

e proportion of adolescents of 12 to 19 years with combined
overweight and obesity was of 36.3% in 2012 and 34.9% in 2016.
Although the dominant paradigm accepts that it starts with the increase
in body mass, it has been found that this is not necessarily the process
occurring in this region for the youngsters, because independence
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between the levels of glucose in blood and body mass values has been
demonstrated in young people [9, 10]. is means that overweight and
obesity should not be a strict criterion for the measurement of glycemia
in young patients without a previous diagnosis.

According to this, the objective of this research was to analyze the
statistical data of the central tendency of the glycemia, triglyceridemia,
and cholesterolemia in the population of new entrance to the campus of
Health Sciences of a University of the Southeast of Mexico to sustain the
need to increase the emphasis in Comprehensive strategies to decrease the
chances of developing prediabetic state,T2DM and dyslipidemias.

Materials and methods

is is an observational, analytical, cross-sectional, prospective, non-
probabilistic study. Among the requirements for new students entering
the University, a clinical file is routinely prepared that is complemented
by laboratory studies such as blood count and clinical chemistry,
including fasting glucose. Although students can enroll in social security,
this is intended to identify the health status of students to provide medical
advice on college campuses during their school career.

Inclusion criteria were: 1) Freshman students, enrolling in Health
Sciences in October 2011 and in October 2016. 2) Students had to
accept to be taken a blood sample by the laboratory personnel of the
Health Sciences Academic Division (DACS) for routine tests. Students
with previous diagnosis of diabetes, hyperlipidemia, or pregnancy were
excluded (Figure 1).

Study variables were glycemia, triglyceridemia, and cholesterolemia.
Glucose was assessed according to the American Diabetes Association
(ADA) criteria. Clinical criteria for fasting glucose were euglycemia when
glucose ≤ 5.55 mmol/l, prediabetes state if glucose was 5.56 to ≤ 7 mmol/
l, and diabetes if glucose was ≥ 7.1 mmol/l. To assess serum lipids, criteria
of the National Cholesterol Program Adult Treatment Panel III, 2005,
were used. Triglycerides (TG) were considered desirable at ≤ 1.68 mmol/
l, borderline from 1.69 to 2.25 mmol/l, and high at ≥ 2.26 mmol/l.
Total cholesterol (TC) values were considered desirable at ≤ 4.39 mmol/
l, borderline from 4.40 to 5.16, and high at ≥ 5.17.
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Figure 1
Study design. Eligible students were new entrants into attendance lists. Students can
refuse to clinical chemistry analyses made. e results of the laboratory tests go to the

Clinical Center of the unit where they serve to support medical and nutritional advice.
own data

e personnel of the clinical analyses laboratory of the Tabasco’s
Juarez Autonomous University (UJAT) obtained 12-hour fasting blood
samples from the participants. Sterile equipment was used, blood was
collected in Vacutainer® Serum tubes (Becton Dickinson, Franklin Lakes,
NJ, USA). Glucose, triglycerides, and total cholesterol were measured by
means of dry slide technology in automated equipment VITROS® 250
(Ortho-Clinical Diagnostics Johnson & Johnson, Rochester, NY, USA).

e October 2011 sample was obtained from 367 newly enrolled
students at the Health Sciences Campus, 193 men, mean age of 18.1 (SD
0.9) years, and 174 women, mean age of 18.1 (SD 0.7) years. Likewise,
the October 2016 sample was obtained from 430 newly enrolled students
at the Health Sciences Campus, 120 men, mean age 18.75 (SD 0.9)
years, and 310 women, mean age 18.5 (SD 0.7) years. e difference
in enrollment was due to the creation of two new undergraduate study
programs at the campus.

Bias control: Equipment was calibrated daily. On the possibility of
a result out of range is repeated. Laboratory equipment were kept at
constant temperature during the time of analysis of the samples.

Statistical analyses. IBM Statistics Package for the Social Sciences
version 21.0 (SPSS, Chicago, IL, USA) was used for data processing.
For data analyses, central tendency and dispersion descriptive statistics
were used. Pearson test was used to compare intra-group variables.
Student t-test was used to compare inter-group variables. Chi square
was used to assess the difference in the proportion of prediabetes and
hypercholesterolemia. Statistical significance was set at p ≤ 0.005. A box
and whiskers plot was performed with the Minitab Statistical Soware
version 17.3.1 (Minitab Inc., State College, PA, USA).

Ethical considerations. is is a non-risk study and does not
compromise data confidentiality of the participants. It complies with the
guidelines of the Helsinki Declaration as revised in 2000.
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Results

October 2011 sample. e sample of the 367 newly enrolled students, 174
women and 193 men, was analyzed. e mean glucose in women was 4.9
mmol/l (SD 0.45), and 4.9 mmol/l (SD 0.57) in men (Figure 2, panel A).
Triglycerides, in women, were 1.3 (SD 0.65) mmol/L and 1.2 (SD 0.73)
mmol/l in men (Figure 2, panel B). Total cholesterol, in women, was 3.9
(SD 0.85) mmol/l and 3.8 (SD 0.84) mmol/l in men (Figure 2, panel C).

In the 174 women, 163 (93.7%) were considered in euglycemia, 11
(6.3%) in prediabetes. About triglycerides, 139 women (79.9%) were
considered within desirable values, 21 (12.1%) were borderline, and 14
(8%) high. Total cholesterol, 117 women (67.2%) in optimal values, 47
(27%) in mid values, and 19 (5.7%) in high.

In the 193 men, 168 (87%) were considered in euglycemia, 24
(12.4%) in prediabetes state, and 1 (0.5%) was considered diabetic. For
triglycerides determination, 157 (81.3%) were within desirable values, 23
(11.9%) were borderline, and 13 (6.7%) high. For total cholesterol,146
(75.6%) were within desirable values, 33 (17.1%) were borderline, and 14
(7.3%) high.

Pearson test revealed a correlation, in women, glucose-triglycerides, r
= 0.358 (p < 0.0001); glucose-total cholesterol, r = 0.458 (p < 0.0001);
and triglycerides-cholesterol, r = 0.546 (p < 0.0001). In men, a correlation
was found in glucose-triglycerides, r = 0.28 (p < 0.0001); glucose-total
cholesterol, r = 0.384 (p = 0.0001); and triglycerides-total cholesterol, r
= 0.500 (p < 0.0001). Student’s t-test did not reveal differences among
values of glucose, triglycerides, and cholesterol between men and women
of this group.

October 2016 sample. e results of 430 newly enrolled students, 310
women and 120 men were analyzed. e mean glucose was 5.2 mmol/
L (SD 0.98) in women, and of 5.5 mmol/l (SD 1) in the 120 men
(Figure 2, panel A), revealing glucose values close to the cut-off limits
for prediabetes, ≤ 5.55 mmol/l. Triglycerides in women were 1.3 (SD
0.58) mmol/l and 1.4 (SD 0.63) mmol/l in men (Figure 2, panel B). Total
cholesterol was 4.7 (SD 0.98) mmol/l in women and 4.8 (SD 1.1) mmol/
l in men (Figure 2, panel C).

Of the 310 women, 204 (65.8%) were considered in euglycemia, 94
(30.3%) in prediabetes state, and 12 (3.9%) had diabetes-like values.
Regarding triglycerides, 255 women (82.3%) were considered within
desirable values, 39 (12.6%) were borderline, and 16 (5.2%) high. Total
cholesterol, 111 women (35.8%) in optimal values, 113 (36.5%) in mid
values, and 86 (27.7%) in high.

In the 120 men, 61 (50.8%) were considered in euglycemia, 48 (40%)
had prediabetes state-like values, and 11 (9.2%) were considered diabetic.
For triglycerides determination, 88 (73.3%) were considered within
desirable values, 19 (15.8%) were borderline, and 13 (10.8%) high. For
total cholesterol, 41 (34.2%) were considered within desirable values, 39
(32.5%) were borderline, and 40 (33.3%) high.
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Figure 2
Glucemia, tryglicerides and total colesterol boxplots. W = women. M = men. Panel A. Glucose. Significant differences

in women (W-2011 and W-2016 t = -4.582, p = 0.0001) and men (M-2011 and M-2016, t = -6.428, p = 0.0001).
Panel B, tryglicerides. ere were no significant differences. Panel C, total cholesterol. Significant differences in
women (W-2011 and W-2016 t = -9.124, p = 0.0001) and men (M-2011 and M-2016, t = -9.499, p = 0.0001).

own data

Pearson test revealed a correlation in women for glucose-triglycerides,
r = 0.276 (p < 0.0001); glucose-total cholesterol, r = 0.457 (p < 0.0001);
and triglycerides-cholesterol, r = 0.261 (p < 0.0001). In men, a correlation
was found for glucose-triglycerides, r = 0.186 (p = 0.042); glucose-total
cholesterol, r = 0.526 (p < 0.0001); and triglycerides-total cholesterol, r =
0.181 (p = 0.048). Student’s t-test revealed a difference between women
and men in glucose means, t = 3.373, p = 0.001, which was not found in
either triglycerides or total cholesterol.
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Figure 3
Forecast of the variation of means. Women, blue circles. Men, red squares. If the trend continues,
it could be expected that by 2021 the average in women will be the cut-off limit for prediabetes.

For men, the average would be in line with the cutoff for diabetes in 2026. Source: own data.
own data

Comparison between the 2011 and 2016 samples. Student’s t-test
revealed significant differences in women, between the 2011 and the
2016 samples, in glucose, t = -4.582 (p < 0.0001) and total cholesterol,
t = -9.124 (p < 0.0001). For the samples of men, differences were also
found in glucose, t = -6.428 (p < 0.0001) and total cholesterol, t =
-9.499 (p < 0.0001). When comparing the youth according to clinical
criteria for hyperglycemia and hypercholesterolemia, a higher proportion
of individuals, both women and men, in prediabetes state and borderline
for total cholesterol was found.

Since the analysis was made with only two data, the mean absolute
percentage error was zero; this was found with the mean square deviation
(Figure 3). Being homogeneous groups in age, there were no differences
in the proportions of individuals in eutrophy, overweight or with obesity
between both samples and there was no correlation between BMI with
fasting blood glucose, it could not be modeled the probability that a given
individual had preDM2 or DM2 according to your body mass or age.

Discussion

Glucose, triglycerides, and cholesterol values were analyzed in samples of
newly enrolled students to the university, predominating those of 18 years
of age. As has been observed in larger studies on glucose [7], the tendency
is that individual values and, hence, averages displace toward the right.
erefore, the values of the samples from the 430 students of 2016 reveal
a larger number of individuals above the limit for prediabetes, with only
65.8% and 50.8% within desirable fasting values (Figure 2, panel A).

is contrasts with the 2011 sample, in which 79.9% of women and
87% of men were in euglycemia. Data of 2016 are higher than those
estimated for the general population of the USA, where the existence of
86 million people with prediabetes is considered for 2017; more than one
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out of every three adult inhabitants of that country [10]. However, these
data are consistent with the latest data on diabetes prevalence in Mexico:
4.6% in 2000 and 7.4% in 2006 [11].

e displacement toward the right of the glucose values described in
the literature and these results in the young population speak against the
idea that the increase in prediabetes and diabetes is associated with older
age. ese data rather seem to support that changes in the diet toward
a higher consumption of added sugars are responsible for modifications
in the metabolic profile, which start as a low-grade inflammation at
early ages [12]. In this sense, the foods served at the school cafeterias in
the region seem to contribute to the problem rather than providing a
solution, because of the bad quality of the food [13].

If the increment in the prevalence of diabetes corresponds to the
genetic load, it seems that the environment is the one to have an effect
on genes and not that the genes express in the form of diabetes. is is
because the age of the participants of this sample is much lower than that
estimated by the projections as the regular starting age for T2DM, i.e., 45
years [14].

e displacement toward the right of the cholesterol values (Figure
2, panel C) is a phenomenon that has been observed in this region for
decades. Results from a Framingham survey performed in 1993 in this
same geographic area revealed that 32% of women and 30% of men older
than 20 years were at risk for developing atherosclerosis [15]. Because
this is a biomarker hard to modify by fasting, it can be measured even
in post-prandial conditions. Results showed consistency with the global
tendency [8]. e main cause for hypercholesterolemia could also be the
consumption of poor quality diets, rich in fructose [16,17,18], as has
been found for the youngsters of this region [19]. e similarities among
the triglycerides values (Figure 2, panel B) provides support that the
participants did fast for the requested period before collecting their blood
samples for the clinical laboratory determinations.

It is a non-probabilistic investigation and in a specific geographic space,
so the data cannot be generalized, however, they are relevant, since the
findings are similar to those of the literature at the graduate level of
education [20,21,22]. Moreover, the data from prediabetes state were
consistent with the insulin resistance data found in groups of children and
adolescents in other environments and school levels, with 25% and 27%
of affected participants [23,24,25,26]. ese children and adolescents
could maintain this condition in adulthood, which would explain that it
is found in important proportions in university populations [20,21,22].
e participants of this research, as is the case of others carried out in
university environments, possibly show the effects of the environment on
biomarkers whose modifications correspond to the main causes of burden
due to illness and death in the world. is was not a study about patterns
of food consumption. But either because it is not part of the curriculum,
the educational processes are not developed as projects to be applied in
a context or because there are no adequate spaces, students do not build
healthy behaviors [25].
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Another barrier, perhaps the most important one, is the scarce training
that is achieved during the processes of undergraduate education and
even in the faculties of health sciences. In the United States, only 27% of
medical schools cover a minimum of 25 hours of a course on food, which
is a recommendation of the National Academy of Sciences of that country
[26]. e integration of capacities to provide practical advice towards a
healthy lifestyle requires transformations in education for healthy eating,
including in the form of cooking workshops [27,28,29].

Conclusions

e results showed an increase in fasting blood glucose values in samples
of new students entering higher education in health sciences, which
brings the average of individual values towards the limit of cut for
prediabetes state.

e variations of the values between the samples that were analyzed
from new income groups in 2011 and 2016 showed a tendency that in
the worst-case scenario means an increase in the cases of DM2 in younger
and younger patients, which contrasts with the idea that the aging of the
population is a relevant factor.

e results support the need to request laboratory tests to
identify modifications in biomarkers to initiate non-pharmacological
or pharmacological treatments in their case with young patients with
preT2DM and T2DM.

Education towards healthy lifestyles is an area of opportunity in
higher education, especially in health sciences. e learning for the
preparation of the food must have the purpose of laying the foundations
of considering that the food has a process of elaboration that not only
results in the texture and the flavor, but in the concept of “thinking the
food as a whole” not only for self-care, but also for patients.
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