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Abstract

The increase in the incidence and prevalence of noncommuni-
cable diseases (NCDs) constitutes one of the main challenges
for health systems. The laboratory contributes to the surveil-
lance of NCDs through the analysis of serum biomarkers. Ob-
jective: To establish the association between NCDs and the vari-
ability of laboratory tests. Method: Quantitative, observational,
correlational, retrospective study, reviewing secondary data cor-
responding to 198 male and female users aged 25 to 64 with
NCDs who underwent laboratory tests in public health estab-
lishments in 3 Ecuadorian cities during 2021. The instrument It
was a data collection sheet with the variables of interest. Statis-
tical analysis included frequency distribution, measures of cen-
tral tendency, measures of dispersion, and nonparametric tests
(Cramer's V and Chi-square). Results: The sample has an aver-
age age of 52 +9.9 years, 69.2% women, 83.8% from rural
areas and 51% housewives. Diabetes and hypertension prevail
in 91% of the participants. Elevated serum levels of glucose,
cholesterol, urea, and creatinine showed a significant associa-
tion (p<0.05) in people with NCDs. Elevated glucose, hemoglo-
bin, hematocrit, LDL-C, and creatinine values were significantly
(p<0.05) associated with the city of Biblidn. Conclusions: The
variability of laboratory tests inform about the health condition
and evolution of a person with NCDs.

Key words: laboratory test, health surveillance, noncommuni-
cable diseases.

Resumen

El incremento de la incidencia y prevalencia de las de enferme-
dades no trasmisibles (ENT) constituye uno de los principales
retos para los sistemas de salud. El laboratorio contribuye a la
vigilancia de las ENT mediante el andlisis de biomarcadores séri-
cos. Objetivo: Establecer la asociacion entre las ENT y la vari-
abilidad de las pruebas de laboratorio. Método: Estudio cuan-
titativo, observacional, correlacional, retrospectivo, de revision
de datos secundarios correspondientes a 198 usuarios hombres
y mujeres de 25 a 64 afios con ENT que se realizaron pruebas
de laboratorio en establecimientos de salud publicos de 3 ciu-
dades ecuatorianas durante 2021. El instrumento fue una ficha
de recoleccién de datos con las variables de interés. El analisis
estadistico incluy6 la distribucion de frecuencias, medidas de
tendencia central, medidas de dispersion y pruebas no para-
métricas (V de Cramer y Chi-cuadrado). Resultados: La muestra
presenta una media de 52 £9,9 afios, mujeres 69,2%, del area
rural 83,8% y amas de casa 51%. Prevalecen la diabetes y la
hipertension en el 91% de los participantes. Los niveles séri-
cos elevados de glucosa, colesterol, urea y creatinina mostraron
asociacion significativa (p<0,05) en las personas con ENT. Los
valores elevados de glucosa, hemoglobina, hematocrito, C-LDL
y creatinina se asociaron significativamente (p<0,05) a la ciudad
de Biblian. Conclusiones: La variabilidad de las pruebas de labo-
ratorio informan sobre el estado de salud y evolucion de una
persona con ENT.

Palabras clave: prueba de laboratorio, vigilancia de la salud,
enfermedades no transmisibles.
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Introduction

One of the greatest challenges facing health systems worldwide
today is the fight against the increase in non-communicable dis-
eases (NCDs). The incidence and prevalence of these diseases
is currently growing considerably and as a result, the percent-
ages of morbidity, mortality and premature disability have risen,
which in turn increases the costs of hospitalization and medical
treatment’2.

Globally, NCDs are the leading cause of mortality, with cardio-
vascular disease, cancer, diabetes mellitus, arterial hypertension
(HT), chronic kidney disease and chronic respiratory diseases
being those with the highest incidence. The presence of these
pathologies is linked to lifestyle and demographic transitions,
which is why it is necessary to transform health systems in all
regions, especially in middle and low-income regions?*.

The origin of this type of disease lies in risk factors that can
be modifiable and others that are not modifiable. Among the
modifiable factors are smoking, physical inactivity, alcohol con-
sumption and inadequate diets (leading to overweight and obe-
sity). Early detection and timely treatment are important strate-
gies in response to NCDs, without forgetting palliative care*®.

Under this same perspective, the World Health Organization
(WHO) reported in April 2021 that 71% of deaths worldwide
are due to NCDs (approx. 41 million people), of which 15 mil-
lion correspond to premature deaths (30-69 years) and 85%
of these deaths occur in middle and low-income countries.
The majority of annual deaths are from cardiovascular diseases
(17.9 million), 9 million from cancer, 3.9 million from respiratory
diseases and 1.6 million from diabetes*>.

In Spain, a high-income country, statistics show that 61% of
deaths correspond to NCDs, with malignant tumors, cardiovas-
cular, cerebrovascular, and lower respiratory diseases, Alzheim-
er's disease and diabetes among the leading causes of mortality.
Obesity, sedentary lifestyle, tobacco use, alcohol consumption,
poor quality diet and even occupational and environmental fac-
tors are also mentioned as risk factors’. In Latin America and the
Caribbean, NCDs have generated high percentages of avoidable

- early mortality, high rates of disability, and high treatment costs®.
- In Ecuador, NCDs are a public health problem and the burden of

disease from these pathologies is expected to continue to rise,
mainly diabetes mellitus, cardiovascular diseases, hypertensive
disease, and chronic respiratory diseases. In the province of Ca-
fiar, the situation is similar to the rest of the country, although
malignant tumors represent 14.45% of hospitalizations, cardio-
vascular diseases 14.13% and chronic degenerative diseases
11.39% of hospital admissions®.

In District 03D01 confirmed by the cities of Azogues, Biblian
and Déleg, a total of 744 cases of diabetes and 1333 of hyper-
tensive disease were registered in 2021. Likewise, the results of
the “National Health and Nutrition Survey” (ENSANUT) 2018,
reveal an accelerated increase in the rates of overweight and
obesity and consequently the growth of NCDs, for example, it is
reported that 3.4% of the Ecuadorian population between 40
and 49 years old has diabetes' .

The management of chronic diseases should have a primary
health care approach, based on education to modify people’s
lifestyles; however, resources are not sufficient in middle and
low-income countries to solve the problem. In this context, an
intervention study carried out in Mexico on 188 people with
NCDs emphasized the prevention of life-threatening risks, diet,
exercise, rest, adherence to treatment, family support and social
communication.

In this context, laboratory tests play an important role in the di-
agnosis and surveillance of chronic noncommunicable patholo-
gies; their requirement is based on the needs of each patient
to establish reference ranges and identify their physiological or
pathological state, by means of metabolic indexes and markers
that allow continuous monitoring of risk factors'>'>.

Cathalifaud et al.’® propose a series of laboratory tests that
could be requested for screening, diagnosis and/or control of
NCDs, recommending: blood glucose, creatinine, lipid profile,
liver profile, TSH and other tests such as microalbumin-creati-
nine ratio (MACR) in an isolated urine sample and various imag-
ing tests (especially in cancer).

Laboratory tests in patients with ENT should be directed to look
for target organ damage. Laboratory tests are suggested at
the beginning of treatment and to evaluate the effectiveness
of treatment. Tests to be included are blood count, elemental
and microscopic urine examination, blood glucose, glycosylated
hemoglobin (HbA1c), serum levels of potassium, calcium, cre-
atinine, lipid profile and liver profile (serum transaminases -TGO
or AST and TGP or ALT-)""-18,

Navarrete et al.’ in 2016 studied the relationship between
body mass index (BMI) and serum lipid levels, finding associa-
tions between BMI and triglycerides, BMI and cholesterol, and
BMI and HDL cholesterol (C-HDL).

A study published in 2021 on metabolic syndrome, carried out
in Cuenca-Ecuador, found alterations in TGO (12.4%) and TGP
(9%) in the participants, and TGO correlated with triglycerides
and C-HDL, although there were no differences in serum trans-
aminase values between the group of people with metabol-
ic syndrome and those without?°. Parla et al.?' reported that
HDL-C decreased in overweight individuals and fasting glucose
values were altered in 23.7% of overweight and hypertensive
participants.

Barcia et al.?? studied the factors associated with chronic kid-
ney disease, finding that HT and diabetes mellitus are the most
prevalent. An association was observed between HTN and ele-
vated uric acid and creatinine levels, while diabetes mellitus was
associated with altered creatinine values; however, no associa-
tion was found between excess weight and serum biomarkers
of renal function.

In chronic respiratory diseases, a complete blood count is use-
ful to detect the possibility of anemia or polyglobulia. Blood
biochemistry may reveal low potassium levels?. A significant as-
sociation has been reported between metabolic syndrome and
impaired pulmonary function in chronic respiratory diseases?.



As for glucose, blood glucose parameters may be elevated in
patients with Sleep Apnea-Hypopnea Syndrome (SAHS) and
Overlap Syndrome (OS), while insulin levels are usually elevated
in patients with SAHS. Values related to lipid profile in certain
chronic respiratory diseases (COPD, SAHS, OS) show no differ-
ences in serum concentrations of total cholesterol and LDL cho-
lesterol; however, triglycerides tend to be elevated, especially
in patients with SAHS. Patients with SAHS and SO may have
higher TGP levels than patients with COPD, while serum TGO
concentrations remain normal®.

The study was conducted with the objective of establishing the
association between NCDs and the variability of laboratory tests
performed on patients attending public health facilities in Dis-
trict 03D01.

Methodology

Quantitative, correlational, retrospective, retrospective, second-
ary data review study, where the unit of analysis consisted of
198 laboratory test records corresponding to people with non-
communicable diseases who attended public health facilities in
District 03D01 of the Republic of Ecuador, which includes the
cities of Azogues, Biblian and Déleg.

The information collected for the study was taken from a data-
base of 198 men and women, aged 25 to 64 years with non-
communicable diseases, who underwent laboratory tests during
the year 2021, therefore, no sample calculation was performed,
and we worked with the totality of the data.

Inclusion criteria were: duly anonymized records, records con-
taining the study variables (glucose, hemoglobin, hematocrit,
lipid profile, liver function tests and renal function tests). Re-
cords with incomplete data, outliers or inconsistencies were
excluded.

The observation technique was used, collecting anonymized
secondary data in a registry card, where the information refer-
ring to the variables of interest was extracted, using a Microsoft
Excel® spreadsheet that was then emptied in the SPSS v.26 sta-
tistical package (test) and in the Jamovi v2.0 software to per-
form normality tests and the descriptive and inferential analysis,
by means of tables and figures.

The presentation of the social and demographic characteristics
was done through analysis in the Jamovi software, generating
a table with absolute and relative frequencies for the qualitative
variables, while the quantitative variables were presented with
the mean and standard deviation.

The association between variables was performed using the
contingency coefficient C and Cramer’s V coefficient, since
non-parametric data were obtained and the variables to be
measured were nominal polytomous variables. Cramer’s V takes
values between 0 and 1. Values of V close to O indicate that
there is no association between the variables and values close to
1 indicate a strong association. The results are presented in ta-

bles and figures generated in SPSS. The following equivalences
were considered to establish the association criteria?>2°:

0 to 0.10= no association, 0.11 to 0.30= weak association,
0.31 to 0.50 = moderate association and 0.51 to 1= strong
association

The study was considered risk-free and is part of the research
project “Prevalence and risk factors associated with non-com-
municable diseases in adult patients in District 03D01". The
protocol was submitted for evaluation to the Health Research
Bioethics Committee (COBIAS) of the University of Cuenca,
which was approved with code 2022-005EO-IE. The authors
declare NO conflict of interest.

The sociodemographic characteristics of the 198 patients with
NCD show an average age of 52 years, with a female pre-
dominance (69.2%), mostly residents of the city of Azogues
(37.4%), from rural areas (83.8%), married (71.2%), with com-
pleted primary education (47.5%) and housewives in 51% of
the cases (Table 1).

Table 1. Sociodemographic characteristics of the sample.
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Variable f % X
Age - - 52,17 £9,9
Sex at birth

Male 61 30,8 -
Female 137 69,2 -
Canton of residence

Azogues 74 37,4 -
Biblian 70 35,3 -
Déleg 54 27,3 -
Area of residence -
Urban 166 16,2 -
Rural 32 83,8 -
Marital Status -
Single 33 16,7 -
Married 141 71,2 -
De facto union 6 3,0 -
Divorced/separated 11 5,6 -
Widowed 7 3,5 -
Schooling -
No schooling 19 9,6 -
Incomplete elementary school 48 24,2 -
Primary School Complete 94 47,5 -
High School Incomplete 8 4,1 -
High School Complete 26 13,1 -
Third Level 3 1,5 -
Fourth Level 0 0 -
Occupation

Unemployed 35 17,7 -
Homemaker 101 51,0 -
Occasional Work 41 20,7 -
Paid Work 21 10,6 -
TOTAL 198 100 -

Note: f = frequency; x = mean; = standard deviation.
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Regarding noncommunicable diseases in the study population,
6 types of NCDs were detected in the selected sample, with
AHT and diabetes mellitus standing out, which together ac-
counted for 91.5% of the cases (n=181). The NCDs found in
the records of the 3 cities analyzed were diabetes, HT, renal fail-
ure and rheumatic diseases. The only case of renal insufficiency
was found in the city of Azogues, while in the city of Biblidn
there were no chronic respiratory diseases. Table 2 shows in
detail the presence of non-communicable pathologies found in
District 03DO01.

Table 2. Prevalence of NCDs in District 03D01, year 2021

Pathology f %

Arterial hypertension 114 57,6
Diabetes mellitus 67 33,9
Rheumatic diseases 7 3,5
Renal insufficiency 5 2,5
Chronic respiratory diseases 4 2,0
Heart failure 1 0,5

Total 198 100

Note: f = frequency.

On the other hand, in the association between laboratory alter-
ations and NCDs, the statistical analysis using Cramer’s V coef-
ficient showed a moderate association between hyperglycemia

Table 3. Bivariate analysis of ENT and serum biomarkers.

and the presence of NCDs (especially diabetes and HT), which is
statistically significant (p<0.001).

Likewise, statistical significance (p=0.002) was found, but with
a weak association between NCDs and variability in cholesterol
values, especially in patients with diabetes mellitus, renal failure
and HT.

In turn, renal function tests (urea and creatinine) showed a
weak association with NCDs, with renal failure being the one
with the greatest alteration of these markers, presenting a p
value <0.05.

Table 3 also shows the V values obtained for the rest of the tests
and the results of the contingency coefficient C, which indicates
higher levels of association than Cramer’s V.

Association between serum biomarkers by city of District
03DO01.

The variability of laboratory tests according to the city of District
03D01 was evaluated using the Chi-square statistic (X2), with
significant association observed in glucose (p=0.023), hemoglo-
bin (p=0.003), hematocrit (p=0.012), C-LDL (p=0.008) and cre-
atinine (p=0.033). Figure 1 shows the details of each biomarker,
highlighting the elevation of values in the city of Biblian.

" 5 £ g e . . 2
Coefficient of 8 2 S S 7 a a o a S £
Association S el g 9 Q T 2 o 0 L =
ssocia G IS 5 = 2 (@) v <
T Z S
L T = @]
Cramer’s V 0,45* 0,14 0,11 0,24 0,26* 0,09 0,23 0,06 0,14 0,30* 0,29*
Contingency C 0,53* 0,19 0,15 0,17 0,35* 0,13 0,22 0,06 0,20 0,28* 0,38*

Note: *p<0.05.
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The research conducted sought to associate the variability of
laboratory tests with non-communicable diseases present in
the population of District 03D01, made up of 3 Ecuadorian cit-
ies (Azogues, Biblian and Déleg). The possibility of influence of
NCDs on the alteration of 11 blood markers was studied: glu-
cose, hemoglobin, hematocrit, triglycerides, cholesterol, C-HDL,
C-LDL, TGO, TGP, urea and creatinine.

First, the laboratory test records of 198 people with NCD were
analyzed to describe the sociodemographic characteristics
of women (n= 61; 69.2%) and men (n=37; 30.8%) with an
average age of 52 years, where 83.8% reside in rural areas,
living with a partner (74.2%), with completed primary educa-
tion (47.5%) and occupation housewife (n=101, 51%); 51%),
which is similar to that presented in a quasi-experimental study
in 188 patients (135 women and 53 men) with NCDs (obesity,
AHT, diabetes and breast cancer) who received treatment in
hospitals of the Instituto de Salud del Estado de México (ISEM)
in the city of Toluca, with the most frequent occupation be-
ing housewife (n=101; 51%): housewife (n=105); however, the
mean age differed, as it was located at 34.68 £8.00"2.

One of the objectives was to identify the type of NCDs pres-
ent in chronic patients who underwent laboratory tests in the
health facilities of District 03D01, with a massive presence of
people with AHT (57.6%) and diabetes mellitus (33.9%); how-
ever, rheumatic diseases (3.5%), renal failure (2.5%), chronic
respiratory diseases (2%) and heart failure (0.5%) were also
found less frequently.

In this context, Montoya'" indicates that in Ecuador, NCDs are
the main cause of illness and avoidable premature death that
generate a great socioeconomic burden that influences indi-
vidual and family health. For their part, Serra et al.? state that
“the magnitude of the NCD problem is greater than in previous
years”, especially in the young adult group, due to the high
prevalence of HTN and diabetes.

On the contrary, Castafeda et al." in a retrospective study car-
ried out in Colombia (Trinidad municipality) based on secondary
data taken from the Individual Service Provision Records, indi-
cated a predominance of care for chronic respiratory system dis-
eases (33.9% men and 25.3% women), followed by circulatory
system diseases (HTN, heart failure, cerebrovascular disease)
with 19.1% of care in men and 17.1% in women. Endocrine,
nutritional and metabolic diseases, led by diabetes, accounted
for 2.7% of visits in women and 2.4% in men. Chronic kidney
disease is also reported, but a precise frequency cannot be es-
tablished because it is grouped with other pathologies of the
genitourinary system.

A moderate and statistically significant association was found
between elevated blood glucose levels and the presence of dia-
betes and HT. Similarly, there was a weak association with sta-
tistical significance between NCDs and variability in cholesterol,
urea and creatinine values, while the rest of the blood markers
showed no association with NCDs.

Despite the existence of a weak association, in the analysis of
the records of patients in District 03D01, the scientific evidence

reviewed indicates variations in some serum markers in the
presence of NCDs, including elevated levels of glucose, choles-
terol, LDL-C, triglycerides, TGO, TGP, creatinine, and decreased
values of LDL-C and potassium’-24,

Finally, a statistically significant association was found between
laboratory alterations and the city of residence of the patients
with NCD, with altered values of glucose, hemoglobin, hemato-
crit, LDL-C and creatinine in patients from Biblian, although this
phenomenon cannot be explained with certainty, since there is
a lack of studies that allow comparison of these results, which
is a limitation.

Another limitation of this research is its methodological design;
being retrospective and of secondary data, it was not possible to
obtain records of other types of NCDs such as cancer, nor was it
possible to categorize respiratory and rheumatic diseases. In ad-
dition, because the data were taken from the laboratory records
of a group of patients from a specific District of the country, the
results could not be generalized. Therefore, it would be appro-
priate to conduct longitudinal studies that would allow more
general value judgments to be made.

Despite the limitations, the results are consistent with the hy-
pothesis proposed and agree to a large extent with the scien-
tific literature and the known physiological processes, making
this study an important precedent for future research to solve
the problem of the variability of blood markers in people with
NCD for a better follow-up of the clinical evolution and medi-
cal treatment.

In conclusion, the values of serum laboratory tests suffer altera-
tions in patients with NCDs, providing important information
on the health status of an individual. Diabetes and AHT are
the most prevalent pathologies found in people with NCDs in
District 03D01 who underwent laboratory tests; however, they
coexist in smaller proportions with renal failure, rheumatic dis-
eases, chronic respiratory diseases, and heart failure. The bio-
markers significantly associated with serum alterations in peo-
ple with NCDs in District 03D01 are: glucose, total cholesterol,
urea and creatinine, which tend to be more prevalent in the city
of Biblian.
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