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Abstract Social vulnerability has proved to be an independent risk factor for hypoglycemia in patients with
 diabetes. In some countries, patients who are in a vulnerable situation are assisted in the public 
health system which provides free medical care. This study compares the prevalence of hypoglycemia among 
patients with type 2 diabetes (T2D), in public versus private sector and its relationship with social vulnerability. 
This multicentric descriptive study included 600 patients with T2D from public and private care institutions of 
Argentina. Socioeconomic level (SEL) was evaluated through the Marketing Argentinean Association survey. 
Number of severe, documented symptomatic and asymptomatic hypoglycemias were registered. Among the 
patients included, 66% were assisted in the public sector. The 41% of patients (n = 246) registered at least 1 
episode of any hypoglycemia event being more prevalent in the public sector compared to the private sector (50% 
vs. 22%). In the adjusted analysis it was observed a greater risk of hypoglycemia in public sector (OR 4, 95% 
CI 2.65-6.04) and in patients that did not have diabetological education (OR 2.28 95% CI 1.35-3.84). Similarly, 
unemployment (OR 5.04 95% CI 2.69-9.46), and marginal SEL (OR 60.79 95% CI 14.89-248.13) increased the 
risk of hypoglycemia. Several factors related to social vulnerability as unemployment, marginal SEL and poor 
sanitary education showed a significant increase in the hypoglycemia risk. Professionals working with people with 
diabetes must take into account these factors for a safe treatment of the disease.
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Resumen Diabetes tipo 2. Prevalencia de hipoglucemia en el sistema de atención de salud público
 versus privado. La vulnerabilidad social ha demostrado ser un factor de riesgo independiente de 
hipoglucemia en pacientes con diabetes. Los pacientes que se encuentran en situación de vulnerabilidad social 
reciben asistencia en el sistema de salud pública que brinda atención médica gratuita. Este estudio compara la 
prevalencia de hipoglucemia en pacientes con diabetes tipo 2 en el sector público frente al privado y su rela-
ción con la vulnerabilidad social. Se realizó un estudio multicéntrico descriptivo que incluyó 600 pacientes con 
diabetes tipo 2 de instituciones de atención pública y privada de Córdoba. El nivel socioeconómico  se evaluó a 
través de la encuesta de la Asociación Argentina de Marketing que evalúa la dimensión social, educativa y eco-
nómica para estratificar el nivel socioeconómico. Se registró el número de hipoglucemias graves, documentadas 
sintomáticas y asintomáticas. El 66% de los pacientes pertenecían al sector público. El 41% de los pacientes 
(n = 246) registró al menos 1 episodio de cualquier evento de hipoglucemia. En el análisis ajustado, se observó 
un mayor riesgo de hipoglucemia en el sector público (OR 4, 95% CI 2.65-6.04), en pacientes que no tenían 
educación diabetológica previa (OR 2.28, 95% CI 1.35-3.84), en desempleados (OR 5.04, 95% CI 2.69-9.46) 
y en aquellos con nivel socioeconómico marginal (OR 60.79 95% CI 14.89-248.13). Factores relacionados con 
la vulnerabilidad social como el desempleo, el nivel socioeconómico marginal y educación sanitaria deficiente 
mostraron un aumento en el riesgo de hipoglucemia. Los profesionales que trabajan con personas con diabetes 
deben tener en cuenta estos factores para un tratamiento seguro de la enfermedad. 
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The epidemic of diabetes currently affects lower income 
populations mainly, increasing not only its prevalence 
but also the risk of complications1, 2. It is estimated that 
79% of people with diabetes worldwide live in low and 
medium income countries3. In Argentina, the prevalence 
of diabetes is higher in groups of lower income compared 
to the higher income groups (10.3% vs. 7.3%)4. Poverty 
predisposes low socioeconomic level (SEL) people to an 
inadequate control of their disease since they are in a 
more vulnerable situation than people of higher income.

Social vulnerability is defined as the reduced ability of a 
person or group of people to respond (in the sense of cope 
with, recover from, or adapt to) any external stresses or 
pressures placed on their livelihoods and well-being5. This 
term includes diverse factors such as food insecurity, low 
SEL, low level of education and a poor sanitary education.

According to studies published to date, social vulner-
ability has proved to be an independent risk factor for 
hypoglycemia in patients with diabetes6. Hypoglycemias 
are an undesirable effect in the diabetes treatment, which 
makes this disease control even more difficult.

In our country, the health system is mixed and it com-
prises three sub-sectors: Public (38% of the population), 
social security (SS) (46%) and private and prepaid sector 
(16%). SS includes health insurances, which involucres 
different types of institutions, such as provincial health 
care, union health insurances, mixed administration health 
providers and the Integrated Medical Assistance Program 
(PAMI for its acronym in Spanish), oriented to retired and 
pensioners7-10. Patients who are in a vulnerable situation 
(unemployed or with informal jobs) have access to the 
public health system which provides free medical care 
to people with no health insurance and people who can’t 
afford to pay one. Instead, the private health care sec-
tor (health insurance or prepaid medical care) provides 
coverage to people with a formal job and with higher SEL 
in general.

In our knowledge, there are no studies up to date 
assessing the relationship between hypoglycemia and 
socioeconomic factors in patients with diabetes comparing 
the public and private health sector. 

The aim of this work was to compare the prevalence of 
hypoglycemia among patients with type 2 diabetes (T2D) 
in the public versus private sector and its relationship with 
social vulnerability.

Material and methods

A multicentre, analytic, observational, transversal study was 
conducted in a public Hospital and in private care institutions 
of Province of Córdoba, Argentina. Ambulatory patients with 
T2D diagnosis, over 18 years old were included, from January 
2nd, 2017 to January 2nd, 2018. Patients with type 1 diabetes 
(T1D), pregnant and hospitalized patients were excluded. 

The following variables were considered: age, sex, time 
of evolution of the disease, treatment (insulin, sulfonylurea, 
metformin, incretins, SGLT2 inhibitors), duration of the insulin 
therapy, weight, height, body mass index, chronic microvas-
cular complications (retinopathy, nephropathy, peripheral 
neuropathy), macrovascular complications (cerebrovascular 
accident, acute myocardial infarction and peripheric vascular 
disease), glycosylated haemoglobin, HbA1c, (measured by 
methods standardized to the High Performance Liquid Chro-
matography –HPLC method–), serum creatinine, creatinine 
clearance calculated by the Modification of Diet in Renal 
Disease study (MDRD) equation, hypoglycemia prevalence 
and its causes, previous diabetological education, level of 
education reached, occupation, medical coverage and SEL. 

Data of clinical variables was collected from medical his-
tory review. 

The social, educational and economic dimension was 
taken into account to evaluate SEL. This evaluation was done 
through the Marketing Argentinean Association survey that 
takes into account occupation of the main income earner, 
educational level reached, possession of goods and services 
and type of medical assistance (health care or public sec-
tor assistance). The final total score allowed us to include 
patients in six types of SEL. In our study the classification 
was simplified in four categories: High, medium (mid-high 
and mid-typical) low (superior low category and inferior low 
category) and marginal SEL11.

The educational level was categorized according to the 
maximum educational level reached in two categories: primary 
level of education or less (illiterate and completed primary) 
and secondary or more (completed secondary or more). The 
health care sector was classified in public sector (patients with 
no health insurance) and private sector (pre-paid medical care 
and health insurance). Taking into account the occupation, 
patients were classified as unemployed, employed, retired 
and pensioner. 

Unemployed was defined as any person who, not having 
an occupation, is actively seeking work. Occupied included 
all those who were not looking for work and had a stable 
income. Retired included all those who, having completed 
the established work cycle, stops working because of his age 
and receives a pension. Pensioners was defined as anyone 
who receives non-contributory social security pensions due 
to disability (people who show a decrease of 76% or more in 
their work capacity).

Data about hypoglycemia was obtained by self-report dur-
ing the medical interview and classified in the following way12:

KEY POINTS
Current knowledge

 • According to studies published to date, social vulner-
ability represented by food insecurity, low socioeconomic 
status, low level of education and poor health education, 
has proven to be an independent risk factor for hypogly-
cemia in patients with diabetes.

Contribution of the article to current knowledge

 • This study provides comparative data on the prevalence 
of hypoglycemia in patients with type 2 diabetes in the 
public versus private health care system and its relation-
ship with social vulnerability.
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Serious or severe hypoglycemia: event which required a 
third person’s assistance  

Every type of hypoglycemia event: total of the severe and 
not severe events. 

Symptomatic documented hypoglycemia: event with typical 
symptoms which was confirmed by a blood glucose measure-
ment ≤ 70 mg/dl and it was registered in the patient’s diary. 

Asymptomatic hypoglycemia: no symptoms appeared, but 
the blood glucose was ≤ 70 mg/dl and it was registered in 
the patient’s diary. 

The number of severe hypoglycemia episodes within the 
last 12 months and documented symptomatic hypoglycemia 
and asymptomatic in the last month was registered during the 
medical interview. 

Presence of diabetic retinopathy (DR) was evaluated 
though a funduscopy performed by an ophthalmologist. The 
findings are classified in normal and diabetic retinopathy.

Diabetic nephropathy was evaluated according to urinary 
albumin-to-creatinine ratio (UACR) measured in isolated urine 
samples or in 24 hours urine collection. An UACR < 30 mg/g 
creatinine was classified as norm-albuminuria, between 30-300 
mg/g creatinine as micro albuminuria and values > 300 mg/g 
creatinine as clear proteinuria, for which two measurements 
are required higher than such values, for the diabetic ne-
phropathydiagnosis13. Chronic renal disease was defined in 
the 3rd stage or based in the glomerular filtration rate of the 
MDRD formula14.

Peripheral diabetic neuropathy was established by taking 
into account the assessment of symptoms and signs by means 
of the Neuropathy Symptom Scale (NSS) and Neuropathy Dis-
ability Score (NDS) where the vibrating, tactile, termoalgesic 
sensitivity, the muscular strength and the osteotendinous 
reflexesare evaluated15.

Presence of macrovascular complications was considered 
in patients with acute myocardial infarction antecedents, coro-
nary-aortal bypass, percutaneous angioplasty, positive stress 
test, cerebrovascular accident or peripheral vascular disease 
history (ABI < 0.9, angiography or revascularization history).

After completing the data sheet from the analysis of medi-
cal histories, a descriptive statistics analysis was carried 
out in accordance with the nature of the variables. For the 
measurable variables, central and dispersion statistics mea-
sures were used (medium, standard deviation); and for the 
categorical type, the percentage absolute and relative frequen-
cies were studied. For the execution of the inferential analysis 
the Square Chi test and media differences test were used. 
To evaluate independent risk factors, a logistic regression 
analysis was performed with and without adjustment of vari-
ables; Odds Ratio (OR) values were expressed together with 
their respective 95% confidence intervals (95% CI). Level of 
significance α = 0, 05 was established. All the analyses were 
executed with the Stata 14 Software.

The study was approved by the Ethics, Training and Teach-
ing Committee of each of the institutions. All the patients 
signed the informed consent.

Results

Six-hundred patients with T2D were included, 66% 
received medical attention in the public sector. The de-
mographic characteristics of the population are detailed 
in Table 1.

The 41% of the population registered at least 1 
episode of any hypoglycemia event (38% a documented 
hypoglycemia, 2% a severe, and 11% asymptomatic 

hypoglycemia), being more prevalent in the public than 
in the private sector (50% vs. 22%). There was a higher 
frequency of documented symptomatic and asymptomatic 
hypoglycemia in the public sector compared to the private 
sector, with no differences in severe hypoglycemia; within 
the causes of hypoglycemia, the intake omission was 
more frequent (66%). The intake omission frequency was 
greater in the public sector compared to the private sector 
(69% vs. 56%) (Table 1).

In the adjusted analysis (age, sex, HbA1c, type of 
diabetes, years of evolution, creatinine clearance and use 
of insulin) it was observed that patients from the public 
sector presented greater risk of hypoglycemia compared 
to the private sector (OR 4.0, 95% CI 2.7-6.0) and those 
patients that did not have diabetological education pre-
sented a greater risk of hypoglycemia (OR 2.3 95% CI 
1.3-3.8). Similarly, unemployment increased the risk of 
hypoglycemia (OR 5.0 95% CI 2.7-9.5) compared with 
employed people. Among the T2D insulin-treated patients, 
the ones who received treatment with human insulin 
presented greater risk of hypoglycemia compared to the 
ones who received insulin analogues treatments (OR 2.2 
95% CI 1.2-4.0). Patients with marginal SEL compared to 
the high SEL presented greater risk of hypoglycemia (OR 
60.8 95% CI 14.9-248.1). However, the low educational 
level was not associated to hypoglycemia (OR 0.8 95% 
CI 0.4-1.4) (Figs. 1 and 2).

Discussion

In the last decades, the epidemic of diabetes has taken 
root in developing world, and it is known that 3 in 4 people 
with diabetes live in low-medium income countries, an 
epidemiological trend that will continue increasing in 
the next years16. In the same case as with other chronic 
pathologies, in the case of diabetes, poverty and social 
exclusion add to the disease a negative effect establish-
ing a vicious circle which worsens health outcomes and 
affects even more social welfare. 

Hypoglycemic episodes are an undesirable effect in 
the treatment of diabetes, which commonly increase in 
the desire to diminish the development of chronic com-
plications of the disease. This condition is associated to 
cardiovascular episodes and cardiovascular death, and 
also to an increase of morbidity, health expenses and a 
significant impact in the quality of life, which can worsen 
the situation of people with this disease12, 17, 18.

In this study, the frequency of any hypoglycemia 
episode in T2D was high (41%). Data related to the 
prevalence of hypoglycemia in observational studies in 
T2D are limited and the reports coming from clinical trials 
that mainly refer to the prevalence of severe hypoglyce-
mia19-22. In a meta-analysis of 46 clinical trials there was a 
prevalence of mild and moderated hypoglycemia of 48% 
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TABLE 1.– Clinical and demographic baseline characteristics of the population

Variables All (n = 600) Public sector Private p
   (n = 400) sector (n = 200) 

Age (years) 56.9 ± 10.2 55.7 ± 8.5 59.2 ± 12.8 0.0001
Sex    
 Female (%) 44.0 47.4 38.3 0.035
BMI (kg/m2) 31.9 ± 6.61 32.9 ± 6.9 29.9 ± 4.9 0.0001
Duration of diabetes (years) 9.4 ± 7.4 9.5 ± 7.5 9.4 ± 7.2 0.96
Type of diabetes    0.0001
 Type 2 diabetes (%) 56.0 48.0 71.6 
 Type 2 diabetes IR (%) 44.0 52.0 28.4 
HbA1c (%) 7.8 ± 1.7 7.9 ± 1.8 7.6 ± 1.6 0.037
HbA1c (mmol/mol) 62 ±18.6 63 ± 19.7 60 ±17.5 
Estimated glomerular 86.5 ± 26.1 87.2 ± 26.8 85.2 ± 24.3 0.37
filtration rate
(ml/min/1.73 m2)    
Years of insulin 2.5 ± 4.6 2.9 ± 4.5 1.7 ± 3.6 0.0017
Medications    0.0001
 Metformin (%) 15.0 14.3 16.5 
 Metformin + SU (%) 36.0 32.3 41.5 
 Metformin +SGLT-2i(%) 2.0 0.0 4.5 
 Metformin+ incretins  (%) 3.0 0.8 6.5 
 Human insulin (%) 31.0 45.2 4.0 
 Analogue insulin (%) 13.0 6.5 24.5 
 Incretins (%) 1.0 0.0 2.5 
Diabetological education    0.045
 Yes (%) 76.0 73.2 80.6 
 No (%) 24.0 26.8 19.4 
Educational level    0.0001
 Primary or less (%) 45.0 63.1 8.0 
 Secondary or more (%) 55.0 36.9 92.0 
Any complication (%) 51.0 61.7 30.3 0.0001
 Retinopathy (%) 25.0 32.8 12.9 0.0001
 Neuropathy (%) 41.0 62.3 12.9 0.0001
 Nephropathy (%) 23.0 29.6 11.4 0.0001
 Macrovascular (%) 16.0 21.2 7.0 0.0001
Any hypoglycaemic event (%) 41.0 50.2 22.4 0.0001
Hypoglycaemia    
 Symptomatic documented (%) 38.0 47.7 19.9 0.0001
 Severe (%) 2.0  2.7 1.5 0.3
 Asymptomatic (%) 11.0 14.6 4.5 0.0002
Cause of hypoglycaemia    0.01
 Intake omission (%) 66.0 68.8 55.6 
 Exercise (%) 5.0 3.0 11.1 
 Excess dose (%) 15.0 13.1 24.4 
 Unknown (%) 14.0 15.1 8.9 
Socioeconomic level
 Marginal (%) 26.0 39.0 0.5 0.0001
 Low (%) 32.0 44.2 8.5 
 Medium (%) 27.0 16.6 45.8 
 High (%) 15.0 0.2 45.3 
Occupation    0.0001
 Unemployed (%) 22.0 32.0 3.0 
 Employed (%) 48.0 40.5 63.7 
 Pensioner (%) 11.0 16.3 0.5 
 Retired (%) 19.0 11.3 32.9

BMI: body mass index; SU: sulfonylurea; SGLT-2 i: sodium-glucose co-transporter 2 inhibitors;
Type 2 diabetes IR: type 2 diabetes, insulin-requiring
The data are expressed as mean ± standard deviation; value of p corresponds to
public vs. private sector
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and 6% of the severe type23. The results in Argentina of 
the Hypoglycemia Assessment Tool (HAT) multinational 
study informed a prevalence of 48.6% of any type of hy-
poglycemia episode inT2D treated with insulin24.

In our study we observed that patients in the public 
system of health had 4 times more risk of presenting 
any episode of hypoglycemia compared to private sec-
tor, even after adjusting the conventional risk factors of 
hypoglycemia. Although to our knowledge there are no 
studies that compare the prevalence of hypoglycemia in 
sectors of private and public medical care, in a study that 
evaluated retrospectively the medical consultations in 
emergency departments due to hypo and hyperglycemic 
complications over 12 years, it was observed that patients 
with public health insurance presented twice more con-
sultation rates when compared with patients with private 
health insurance, and patients who paid out of their own 
pocket25. In our setting, patients in the public health sector, 

have access to the supplies for their treatment through 
programs that offer therapeutic options less modern like 
sulfonylureas and human insulin which are associated to 
a greater risk of hypoglycemia. In this study the use of 
human insulin increased almost twice the risk of any type 
of hypoglycemia episode compared to analogue insulin 
after the adjustment due to confounding variables. Also, 
patients in the public sector care had lower SEL compared 
to the private sector. Both variables in this study dem-
onstrated to be independents hypoglycemia risk factors 
in patients with T2D. These data suggest that the low 
socioeconomic status could make it difficult for people 
with diabetes to have access to the necessary supplies 
for a safer treatment of their disease. Similar data were 
observed in a greater study available to date, which re-
vealed the risk of severe hypoglycemia in patients with low 
SEL with T2D taking into account the data obtained from 
the DISTANCE study. In this study it was observed that 

Fig. 2.– Adjusted odds ratios for any hypoglycemic event according to socioeconomic 
level

SEL: socioeconomic level
*p < 0.05

Fig. 1.– Adjusted odds ratios for any hypoglycemic event

*p < 0.05
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those patients with low economic income reported 42% 
higher risk of severe hypoglycemia compared to those 
patients with higher economic income26. Similar results 
were obtained in previously published studies25, 27-31.

Besides, in the public sector assistance the highest 
rates of unemployment were recorded in comparison with 
the private sector. Unemployment in our study proved to 
be an independent risk predictor for any hypoglycemia 
episode, increasing 5 times the risk compared to the 
employed patients. In a study conducted in a public hos-
pital in the province of Córdoba (Argentina), it was found 
that 46% of patients were unemployed with a 70% more 
risk of developing hypoglycemia in comparison with the 
employed patients. The more frequent predisposing factor 
was the intake omission (57%) suggesting that the budget 
exhaustion for food can play a role in the incidence of 
hypoglycaemia32.

Another component of social vulnerability is the low 
level of education since these people can have difficul-
ties to understand the correct use of the medication or 
to know how to prevent hypoglycemia. However, in our 
study, we did not find a direct association between any 
hypoglycemia episode and the low level of education. 
Although we did not find studies where this aspect is 
evaluated as a main objective, the existing studies 
revealed contradictory results. In two post-hoc analysis 
of the ACCORD study, it was observed that high school 
education was associated to a higher risk of severe 
hypoglycemia compared with higher level and gradu-
ated education, independently from the treatment group 
assigned, standard or intensive33-34. Similar results were 
published in other studies26, 31, 35. However, other authors 
did not find such association36, even in a cohort prospec-
tive study, it was observed that the level of education 
higher that primary was associated to a higher risk of 
severe hypoglycemias37.

Taking into account health literacy, we found that the 
public assistance sector received less previous diabe-
tological education in relation to the private sector. This 
can be related to the lack of diabetes education programs 
or difficulty of patients of attending themselves. Patients 
who did not receive diabetological education had 2 times 
greater risk of presenting any type of hypoglycemia 
episode compared to those who received this education, 
after adjusting due to confounding variables. The limited 
health literacy is an obstacle for the self-management of 
the treatment regimens, with less understanding of the 
instructions, not only of the medicine doses but also of 
the precautions to take into account, which can lead to an 
increase in the risk of hypoglycemia. In the DISTANCE38 
study the learning problems, the impossibility to fill out 
a health questionnaire by themselves and the need of 
assistance to read the health materials, self-reported by 
the patients, where connected independently to a severe 
hypoglycemia risk, between 30-40% greater after the 

multivariate adjustment. On the other hand, patients who 
received diabetological education and since they have 
a better knowledge of the ambulatory management of 
the insulin therapy and more self-monitoring, have more 
opportunities to know and treat in an early stage hypogly-
cemia and mainly to prevent them.

The strengths of this study are the great sample of 
patients taken from the health system not only public but 
also private. The transversal cut design is a limitation due 
to which it is not possible to establish a causal relation-
ship between social vulnerability and hypoglycemia and, 
thus, the comprehension of the mechanism is still limited. 
Furthermore, in this study we have not evaluated one 
of the most relevant aspects of social vulnerability that 
is the food insecurity and its possible association with 
hypoglycemia39-42. 

Since hypoglycemia together with the social vulner-
ability constitutes a major barrier for the successful man-
agement of the disease, it is essential that these factors 
are taken into account by the professionals who treat 
patients with diabetes who are in a vulnerable situation. 
Though most of the guidelines currently available imply 
an individual management of the glycemic objectives, 
none of them give physicians evidences for the control 
of these patients6. 

The intrinsic mechanism by which these factors deter-
mine a worse control and a greater incidence of hypoglyce-
mia is not clearly defined; due to this fact it will be necessary 
to carry out long-term prospective studies to discover these 
aspects and to define strategies to face them.

In conclusion, several factors related to the social 
vulnerability showed a significant increase in the hypo-
glycemia risk in these groups of patients. Taking into 
account this study we can conclude that this increase 
in the risk might be mainly related to a limited access 
to the resources for an adequate control of the disease 
and for the prevention of hypoglycemia. However, more 
studies are necessary to determine which are the intrinsic 
mechanisms and the more adequate strategies to reduce 
the impact. Until then, professionals working with people 
with diabetes who are in a social vulnerable situation must 
take into account these factors pointing to their specific 
needs and giving them easy the access to the necessary 
supplies for a safe treatment of the disease. 
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- - - -
La statistique a cette particularité extraordinaire d´être convaincante même pour des 

gens qui affirment ne pas la comprendre. "La statistique, pour moi, c´est du chinois". 
Mais quel non-sinophone serait convaincu par une phrase en chinois ? C´est pourtant là 
le mystère magique des statistiques : on ne les comprend pas, mais on se soumet à ses 
conclusions. Je ne sais pas ce que ça veut dire, mais j´y crois. La statistique écrase sous 
son poids scientifique.   

La estadística tiene esta característica extraordinaria de ser convincente incluso para las 
personas que afirman no entenderla. "Las estadísticas, para mí, son chinos". Pero, ¿qué 
hablante no chino se convencería con una oración en chino? Este es el misterio mágico 
de las estadísticas: no las entendemos, pero nos sometemos a sus conclusiones. No sé 
lo que significa, pero lo creo. La estadística aplasta bajo su peso científico.

Nicolas Gauvit. Statistiques méfiez-vous! Paris: Ellipses Édition Marketing, 2014, p 4


