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correlation between soluble tumor necrosis factor a receptor
1 (sTNFR1) levels and estimated glomerular filtration rate
(eGFR) in Colombian patients with type 2 diabetes
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soluble 1 del factor de necrosis tumoral a (STNFR1) y la tasa de filtracién glomerular estimada (TFGe) en
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Abstract

Introduction. Tumor necrosis factor a (TNF-a) is a cytokine involved in inflammatory processes associated
with type 2 diabetes mellitus (DM2). Although the correlation between soluble TNF-a receptor 1 (STNFRI) levels
and estimated glomerular filtration rate (eGFR) has been already described in Colombian population with DM2,
the influence of STNFR1 on eGFR in a model adjusted for age and creatinine level has not yet been evaluated.
Objectives. To identify and evaluate the linear correlations between sTNFR1 levels, routine clinical variables,
and eGFR in Colombian patients with DM2.

Materials and methods. Cross-sectional study conducted in March 2020 in 69 patients with DM2 who

were enrolled in the Program for the Prevention of Diabetes Complications and Dyslipidemias of the Faculty
of Medicine of the Universidad Nacional de Colombia. Medical records were reviewed in order to obtain
sociodemographic, anthropometric and clinical data. Serum sTNFR1 levels were determined by means of an
ELISA test. A multiple linear regression model (stepwise regression) was performed to evaluate correlations
between sTNFR], clinical variables, and eGFR.

Results. The final multiple linear regression model, which includes creatinine levels, sSTNFR1 levels, and age,
explained 72% of the variance of eGFR (p=0.023). Furthermore, sSTNFR1 levels explained 20% of the variance
of eGFR independently (standardized B coefficient: -0.2; 95%CI: [-0.008]-[-0.001]; p=0.02).

Conclusion. In the final multiple linear regression model, an inversely proportional and statistically significant
linear correlation was found between sTNFR1 levels and eGFR, independent of serum creatinine levels and age.
Compared with age, sSTNFR1 levels have a superior effect in terms of changes in eGFR.

Resumen

Introduccidn. El factor de necrosis tumoral a (TNF-a) es una citoquina involucrada en los procesos inflamatorios
de la diabetes mellitus tipo 2 (DM2). Aunque la correlacidn entre los niveles del receptor soluble 1 del TNF-a
(STNFRY1) y la tasa de filtracién glomerular estimada (TFGe) ya ha sido descrita previamente en poblacién colombi-
ana con DM2, la influencia del STNFR1 en la TFGe en un modelo ajustado a edad y creatinina no ha sido evaluada.
Objetivos. Identificar y evaluar las correlaciones lineales entre los niveles del STNFRI, las variables clinicas de
uso rutinario y la TFGe en pacientes colombianos con DM2.

Materiales y métodos. Estudio transversal realizado en marzo de 2020 en 69 pacientes con DM2 que estaban
inscritos en el Programa para la prevencién de las complicaciones de la diabetes y las dislipidemias de la
Facultad de Medicina de la Universidad Nacional de Colombia. Los datos sociodemograficos, antropométri-
cos y clinicos se recolectaron a partir de la revisién de las historias clinicas. Los niveles séricos del STNFRI se
determinaron mediante prueba de ELISA. Se realizé un modelo de regresion lineal multiple (regresion paso a
paso) para evaluar las correlaciones entre el sSTNFR1, las variables clinicas y la TFGe.

Resultados. El modelo final de regresién lineal multiple, que incluye niveles de creatinina, niveles del sSTNFR1
y edad, explica el 72% de la varianza de la TFGe (p=0.023); ademds, los niveles del sSTNFR1 explican el 20% de la
varianza de la TFGe de forma independiente (coeficiente B estandarizado: -0.2; 1C95%: [-0.008]-[-0.001]; p=0.02).
Conclusion. En el modelo final de regresion lineal multiple se encontrd una correlacién lineal inversamente
proporcional y estadisticamente significativa entre los niveles del STNFR1y la TFGe, independientemente de
los niveles séricos de creatinina y la edad. Comparado con la edad, los niveles del sSTNFRI tienen un efecto
superior en términos de cambios en la TFGe.
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Introduction

One of the main causes of morbidity and mortality in patients with type 2 diabetes
mellitus (DM2) is diabetic nephropathy. This disease, according to Thomas,'in 2017
had an overall prevalence of 15.48 cases per 1 000 men and 16.5 cases per 1 000 women,
caused about 50% of end-stage kidney disease cases, and accounted for 34% and 36% of
all chronic kidney disease (CKD) deaths in men and women, respectively.

Patients with DM2 often experience increased glycation, oxidative stress and chronic
inflammation, as well as systemic hypertension and dyslipidemia, factors that are deter-
minants for the development and progression of CKD.*’

DM2 is a proinflammatory disease. In vitro studies, such as that of Gonzdlez et al.,’
have demonstrated that high concentrations of glucose stimulate the secretion of tumor
necrosis factor a (TNFa) in human monocytes. TNFa together with other cytokines, as
proposed by Tanase et al.,” promotes a pro-oxidative state; moreover, on its own, it binds
to two specific receptors: TNF-a receptor 1 (TNFR1, CD120a, p55) and TNF-a receptor 2
(TNFR2, CD120b, p75).°

In the kidney, TNFRI1 expression occurs in the proximal tubule, collecting duct system,
vascular endothelium, and vascular smooth muscle.” It has also been reported that
this receptor has a strong expression in endothelial cells of the glomerulus, a moderate
expression on the surface of endothelial cells of small arterioles and peritubular capillar-
ies, and a weak or null expression in epithelial cells of the distal convoluted tubule.® High
expression of TNFR1 and TNFR2 is thought to be associated with hyperactivation and
dysregulation of the immune system, leading to chronic systemic inflammation.’

The pathophysiology leading to the development of diabetic nephropathy is associated
with increased advanced glycation end products, secretion of growth factors, and hemo-
dynamic and hormonal changes (typical of DM2) that induce glomerular hyperfiltration,
glomerular hypertension, renal hypertrophy, and altered glomerular composition, which
manifest clinically as albuminuria and hypertension.”” Similarly, oxidative stress can
cause direct damage to podocytes, mesangial cells and endothelial cells, resulting in
proteinuria and tubulointerstitial fibrosis."

It has been reported that the TNF-a-converting enzyme (TACE) in mice is responsible
for the proteolytic release or “shedding” of several cell surface proteins, including TNF,
TNFR1, and TNFR2.” Consequently, TNFR1 and TNFR2 are released into the circulation
in their soluble form (sTNFR1 and sTNFR2, respectively). Moreover, in vitro studies in
human cells show that TACE is activated upon contact with reactive oxygen species,”"*
and in obese mice an association between insulin resistance and increased levels of
TNF-ain adipose tissue has been demonstrated.”

In a review, Radcliffe et al.” found that, of all potential inflammatory markers, sSTNFR1
and sTNFR2 receptors may be the most promising, as several researchers have reported
that they are independently associated with both decreased eGFR and the occurrence
of stage 3 CKD or end-stage renal disease. Previous studies have shown that subjects
with DM2 and poor glycemic control have elevated circulating levels of sSTNFR1, which
is relevant since it has also been established that sSTNFR1 predicts early kidney failure, as
elevated levels of this receptor are observed in patients with decreased eGFR.” "

On the other hand, regarding the use of anti-TNF-a therapy in patients with impaired
kidney function, it has been reported that the benefits of using TNFa inhibitors could be
limited due to their capacity to induce autoimmunity by altering the normal immune
regulation of that factor. Therefore, their implementation in clinical practice would
require surveillance for possible complications.*
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It should be noted that the correlation between sTNFR1 levels and eGFR has been
previously described in the Colombian population with DM2 by Gémez-Banoy et al. ”
However, the influence of sSTNFR1 on eGFR in a model adjusted for age and creatinine
levels has not been evaluated. In view of the above, the objectives of the present study
were to identify and evaluate the linear correlations between sTNFR1 levels, routinely
used clinical variables, and eGFR in Colombian patients with DM2.

Materials and methods
Study type and population

Cross-sectional study. The study population consisted of all the patients included in the
study by Gémez-Banoy et al.”’ (N=98) and the following inclusion and exclusion criteria
were considered for sample selection:

Inclusion: being a user of Unisalud medical services as of the date of data collection
(March 2020), participating in the Program for the Prevention of Complications of
Diabetes and Dyslipidemias of the Faculty of Medicine of the Universidad Nacional de
Colombia, having a diagnosis of DM2 according to the current criteria of the American
Diabetes Association,”” and agreeing to participate in the study, including the perfor-
mance of the necessary laboratory tests.

Exclusion: having active neoplastic disease, active autoimmune disease, and/or psychi-
atric disorders under pharmacological treatment.

Once these eligibility criteria were verified, a sample of 69 patients was obtained.
Procedures
Data collection and variables considered

Based on a medical record review (completed between January and March 2020), data
were collected from the 69 participants on the following explanatory variables, which were
selected because of their proven validity in previous studies:**** age, sex, blood pressure
(systolic and diastolic), body mass index (BMI; normal weight: 18.5-24.9kg/m?, overweight:
25.0-29.9kg/m2, and obesity: 230kg/m?2), waist circumference, type of antidiabetic therapy
(dietary measures only, oral antidiabetics only, and insulin therapy alone or in combina-
tion), type of antihypertensive therapy, serum values of creatinine, glycated hemoglobin
(HbAIlc), triglycerides, total cholesterol, HDL cholesterol and LDL cholesterol, urine
albumin and albumin-to-creatinine ratio, and eGFR calculated using the CKD-EPI equation.

Itis worth pointing out that antihypertensive drugs were classified as follows, taking
into account the total number of types of antihypertensive drugs used (renin-angiotensin
system blockers, calcium channel blockers, alpha 1 adrenergic receptor antagonists, beta
adrenergic receptor antagonists, and diuretics): none, use of 1 type of antihypertensive
drugs, use of 2 types of antihypertensive drugs, use of 3 types of antihypertensive drugs,
and use of 4 types of antihypertensive drugs.

STNFR1 concentrations

To determine circulating levels of STNFR], in February 2020 5mL of blood of each par-
ticipant, who were fasting at the time of this procedure, was collected by venipuncture
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from an antecubital vein. Samples were centrifuged at 3 500rpm for 5 minutes and the
sera obtained were stored at -80°C until sSTNFR1 levels were established. sSTNFR1 was
measured by ELISA according to the manufacturer’s instructions (R&D Systems Inc,
Minneapolis, USA).

Statistical analysis

A descriptive analysis of the data was performed by calculating relative and absolute
frequencies for categorical variables and means (X) or medians (Md) and standard
deviations (SD) or interquartile ranges (IQR) for quantitative variables, according to the
distribution of the data as determined using the Kolmogorov-Smirnov test.

To determine the correlations between sTNFR1 concentrations and the other variables,
and between eGFR and the other variables, bivariate analyses were performed by
calculating Pearson’s correlation coefficient (r) for quantitative variables with a normal
distribution of the data, and Spearman’s coefficient (rho) for those that did not have
anormal distribution, with a statistical significance level of p<0.05. The influence of
biological sex on eGFR was assessed using the Student’s t-test and on sTNFR1 levels using
the Mann-Whitney U test. All analyses were performed using SPSS software version 25.

In addition, a multiple linear regression analysis was performed in which variables that
showed a significant correlation with eGFR in the bivariate analysis were considered as
potential regressors, and variables that are clinically relevant to eGFR were also taken
into account. This linear regression analysis was used to determine which variables best
explained the eGFR values.

This regression method, according to Szklo & Nieto,” assesses whether a given variable
(x1) is linearly associated with the outcome (y) after controlling for a certain number of
covariates; thus, such a model measures the association between the outcome and the
independent variables. The stepwise linear regression model (forward selection) starts
with no variables, then tests each variable as it is added, and keeps those considered
statistically significant, repeating the process until the model results are optimal.
Therefore, in this regression method, the B coefficient is initially found and its statistical
significance is evaluated for each variable included in the model, eliminating those with
values that are not statistically significant (p>0.05) and selecting them based on their
level of statistical significance.

Subsequently, the model assumptions are evaluated: the non-collinearity assumption
is evaluated by means of the variance inflation factor (VIF) (values <10 are accepted), the
“tolerance” (values >0.2 are accepted), and the condition index (values <15 are accepted,
and in higher results the variable with a higher proportion of variance in the model
is adjusted). Then, the variables that are positive in the diagnosis of collinearity are
removed or adjusted; afterwards, in the final model, the Durbin Watson statistic is used
to evaluate the assumption of independence of the residuals (values between 1.5 and 2.5
are accepted). Next, the assumption of normality of the residuals is evaluated by means
of the Kolmogorov-Smirnov test (values >0.05 are accepted) and by means of normal
probability plots (Q-Q plot; the distribution of the residuals should follow the diagonal
line pattern). Finally, the homoscedasticity assumption is evaluated by means of a scatter
plot of standardized predictions by standardized residuals (the variance of the residuals
should be uniform over the entire range of predicted values).

Once the significant correlations were identified with the stepwise regression method,
the integrated model hypothesis could be proposed to explain the variance of eGFR.”*
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Ethical considerations

The research was approved by the ethics committee of the Faculty of Medicine of the
Universidad Nacional de Colombia according to Minutes No. 015-183 of August 15, 2019.
Also, the ethical principles for biomedical research involving human subjects established
in the Declaration of Helsinki* and the scientific, technical and administrative standards
for health research in Resolution 8430 of 1993 issued by the Colombian Ministry of Health
were taken into account in its preparation.” All participants signed an informed consent.

Results

Clinical and demographic characteristics of the participants

The mean age of the participants was 69.35 years (SD: 7.32), with ages ranging from 45 to
85 years, and all were of Hispanic ethnicity. The clinical and demographic characteristics,
as well as the mean values of STNFRI1 concentrations and laboratory test results consid-

ered are presented in Tables 1 and 2.

Table 1. Clinical characteristics (continuous variables).

Variables Kolm.ogorov Median Interquartile Mean Stal:ldz.ird
Smirnov range deviation

Age (years) 0.200 70.00 10.00 69.35 7.32
HbAlc (%) 0.046 7.10 1.30 7.36 1.04
Triglycerides (mg/dL) 0.001 138.00 72.00 148.98 72.04
Total cholesterol (mg/dL) 0.003 151.00 39.00 154.52 39.20
HDL cholesterol (mg/dL) 0.023 42.80 15.00 43.82 10.15
LDL Cholesterol (mg/dL) 0.001 82.70 28.00 86.09 27.89
Systolic blood pressure (mmHg) 0.025 125.00 19.00 126.20 14.80
Diastolic blood pressure (mmHg) 0.001 75.00 10.00 75.68 8.40
Body mass index (kg/m2) 0.017 27.35 7.68 27.43 4.35
Waist circumference (cm) * 0.200 94.40 12.47 94.93 9.66
Urine albumin-creatinine ratio (mg/g) T 0.001 21.05 30.23 87.85 236.04
Creatinine in blood (mg/dL) 0.001 0.96 0.26 1.03 0.28
Urine albumin (mg/L) T 0.001 21.05 30.23 87.85 238.04
eGFR (ml/min/1,73m?) 0.200 68.46 16.76 68.05 14.84
sTNFRI1 (pg/ml) 0.001 1559.35 580.10 1749.02 672.98

HbAIC: glycated hemoglobin; eGFR: estimated glomerular filtration rate; sSTNFRI: soluble tumor necrosis factor
areceptor type 1.

*1record was not found for this variable.

T2 records were not found for this variable.

Source: Own elaboration.
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Table 2. Clinical and demographic characteristics (discrete variables).

Variables n %
Male 36 52.20
Sex
Female 33 47.80
Normal weight 24 34.78
Body mass index Overweight 21 30.43
Obesity 24 34.78
Dietary measures only 6 8.69
Use of antidiabetic therapy Oral antidiabetics only 40 57.97
Insulin therapy alone or in combination 23 33.33
None 20 28.98
Use of 1 type of antihypertensive drug 17 24.64
Use of antihypertensives Use of 2 types of antihypertensive drugs 20 28.98
Use of 3 types of antihypertensive drugs 9 13.04
Use of 4 types of antihypertensive drugs 3 4.35

Source: Own elaboration.

The bivariate analysis of STNFR1 showed a very weak statistically significant correlation be-
tween sTNFR1 levels and age (rho=0.296; p=0.025), HbAlc (rho=0.284; p=0.018), systolic blood
pressure (tho=0.259, p=0.032), and the use of antihypertensives (tho=0.292; p=0.015); a statisti-
cally significant weak correlation between sTNFRI levels and diastolic blood pressure (rho=0.318,
p=0.008) and the use of antidiabetic drugs (tho=0.346; p=0.004); and a statistically significant
moderate correlation between sSTNFR1 levels and creatinine levels (tho=0.479; p=0.001) (Table
3). Regarding biological sex, no significant differences in sSTNFR1 levels were observed between
males (Md=1581.6; IQR=752.5) and females (Md=1591; IQR=539.8) (U=549, p=0.589).

Table 3. Correlations between soluble tumor necrosis factor a receptor 1levels and the clinical variables considered.

Variables STNFRL
rho p-value
Age (years) 0.296 0.025
HbAIc (%) 0.284 0.018
Triglycerides (mg/dL) 0.082 0.501
Total cholesterol (mg/dL) 0.085 0.487
HDL cholesterol (mg/dL) 0.022 0.859
LDL cholesterol (mg/dL) 0.036 0.770
Systolic blood pressure (mmHg) 0.259 0.032
Diastolic blood pressure (mmHg) 0.318 0.008
Body mass index 0.127 0.299
Waist circumference 0.205 0.093
Urine albumin-creatinine ratio (mg/g) 0.184 0.137
Creatinine in blood (mg/dL) 0.479 0.001
Urine albumin (mg/L) 0.184 0.137
Use of antihypertensives 0.292 0.015
Use of antidiabetic drugs 0.346 0.004
eGFR (ml/min/1.73m2) -0.577 0.001

sSTNFRI: soluble tumor necrosis factor a receptor type 1; HbAIC: glycated hemoglobin; eGFR: estimated
glomerular filtration rate.
Source: Own elaboration.

In the bivariate analysis of eGFR, a statistically significant negative weak correlation
was observed between eGFR and age (r=-0.351; p=0.003) and antihypertensive use
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(rho=-0.319; p=0.008), as well as a statistically significant negative moderate correlation
between eGFR and sTNFR1 levels (rtho=-0.577; p=0.001) (Table 4). Concerning biological
sex, no significant differences in eGFR values were observed between men (x=67.8;
SD=15.5) and women (X=67.38; SD=14.25) (t=0.117; p=0.907).

Table 4. Correlations between the estimated glomerular filtration rate values and the clinical variables

considered.
Variables Coefficient eGFR p-value
Age (years) r -0.351 0.003
HbAIc (%) rho 0.020 0.871
Triglycerides (mg/dL) rho -0.081 0.510
Total cholesterol (mg/dL) rho -0.104 0.393
HDL cholesterol (mg/dL) rho 0.017 0.887
LDL cholesterol (mg/dL) rho -0.073 0.549
Systolic blood pressure (mmHg) rho -0.121 0.323
Diastolic blood pressure (mmHg) rho -0.137 0.261
Body mass index rho 0.008 0.949
Waist circumference r -0.076 0.540
Urine albumin-creatinine ratio (mg/g) rho 0.043 0.728
Creatinine in blood (mg/dL) rho -0.753 0.001
Urine albumin (mg/L) rho -0.043 0.728
Use of antihypertensives rho -0.319 0.008
Use of antidiabetic drugs rho -0.215 0.076
eGFR (mL/min/1.73m2) rho -0.577 0.001

eGFR: estimated glomerular filtration rate; r: Pearson correlation coefficient; rho: Spearman correlation
coefficient; HbAIC: glycated hemoglobin; sSTNFRI: soluble tumor necrosis factor d type 1 receptor.
Source: Own elaboration.

The following variables were included in the initial multiple regression model: number
of types of antihypertensive drugs used, albumin-to-creatinine ratio, age, blood creat-
inine, and sTNFR1 levels. Subsequently, the number of types of antihypertensive drugs
used was discarded because it did not have a significant B coefficient (p=0.159). Regarding
the collinearity assessment, the urine albumin-to-creatinine ratio variable showed
confidence intervals for B including O, so it had to be removed manually. The age variable
showed high collinearity with the variables creatinine levels and sTNFR1 levels due to the
elevation of the condition number to 23.47, so it was decided to change the values ex-
pressed in this variable to categorical data, grouping them in 5-year age intervals starting
at 45 and up to 85, thus reaching the current model.

To learn whether creatinine and sTNFR1 levels and age explained eGFR values, stepwise
regression (forward selection) was performed. Table 5 shows that all significance
indices and assumptions of model 3, which includes blood creatinine, sSTNFR1 and age,
are adequate and together explain 73.3% of eGFR. When the variables creatinine levels,
sTNFR1 levels and age were incorporated sequentially, the final model (model 3) was
found to have greater explanatory power for eGFR values.

Likewise, indicators of the non-collinearity assumption, VIF values <10 and tolerance
values >0.20 indicated that there were no high correlations between the factors in the model.
The value of the Durbin—Watson statistic was 2.127, which allowed us to determine the
assumption of independence of the residuals and, therefore, the generalization of the data.
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Table 5. Summary of the model.

Variables Coefficients Collinearity diagnostics
. . Proportions 02 (entering
. Stand . Collineari
Statistics of change Unstand coef 95%CI for B Correlations . k4 alters the parameter by more
coef statistics
Condition than 20%)
Model R R2 aR2 Syx Sig. .
sig index
Ch; Ch; ’ L U, . TNFR1
ange 1ange Change B % B ower PPET | Zeroorder | Tolerance | VIF K | Crea | Ageint s
in R2 inF . Lim Lim 2020
inF
K 111.420 3.909 0 103.620 | 119.223
1 0.818a | 0.670 | 0.660 8.563 0.668 135.03 0 7.450 1 0.98
Crea -42.290 3.639 -0.818 0 -49.560 | -35.028 -0.818 1 1
K 120.510 4.713 0 111.100 129.923
2 Crea 0.843b | 0.710 | 0.700 8.064 0.042 9.544 0.003 -39.940 3.51 -0.772 0 -46.950 | -32.932 -0.818 0.953 1.049 10.159 1 0.34 0.43
Ageint -2.138 0.692 -0.210 0 -3.520 -0.756 -0.377 0.953 1.049
K 120.380 4.564 0 111.260 | 129.492
Crea -33.330 4.431 -0.644 0 -42.180 | -24.477 -0.818 0.561 1.783
3 . 0.856 0.730 | 0.720 7.807 0.022 5.417 0.023 12.633 0.7 | 0.72 0.18 0.3
Ageint ¢ -1.954 0.675 -0.192 0.010 -3.302 -0.607 -0.377 0.940 1.064
sTNFR1
2020 -0.004 0.002 -0.200 0.020 -0.008 -0.001 -0.669 0.558 1.793
AntiAHT -0.103 0.159 -0.179 0.782 1279
+Alb/
E Crea 0.862 | 0.744 | 0.727 7.695 0.018 4.267 0.043 0.009 0.004 0.148 0.04 0.000 0.018 -0.219 0.833 1.200 11.106
Age +
Crea 0.840 | 0.706 | 0.696 8.114 0.039 8.528 0.005 23.470

K: constant; Crea: creatinine; Int: interval; aR2: adjusted R-squared; Syx: standard error of the estimate; Unstand coef: unstandardized coefficients; Stand coef: standardized coefficient; Sig:
significance value; Lower Lim: lower limit; Upper Lim: upper limit; VIF: variance inflation factor; 02: variance; sSTNFRI: soluble tumor necrosis factor type 1 receptor @; E: excluded; AntiAHT: use of
antihypertensive drugs; Alb/Crea: albumin-to-creatinine ratio.
Source: Own elaboration.
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By verifying the assumption of normality of the residuals for the final model using the
Kolmogorov-Smirnov test (with Lilliefors correction) a p-value of p=0.200 was found,
which reaffirmed the normal distribution of the residuals. The Q-Q plot in Figure 1 shows
a distribution that follows a pattern of normality.

Normal Q-Q plot of unstandardized residuals

Expected normal
o

-20 -10 0 10 20

Observed value

Figure 1. Normal Q-Q plot of unstandardized residuals.
Source: Own elaboration.

Finally, the homoscedasticity assumption was evaluated using the scatter plot of
standardized predictions by standardized residuals. It was found that the residuals were
evenly distributed against the predictions, as shown in Figure 2.

Scatter plot
Dependent variable: glomerular filtration rate CKD-EPI (mg/mL/,1.73m2) 2020

Standardized residual regression

-4 -2 0 2

Sandardized predicted value regression

Figure 2. Scatter plot of standardized predictions by standardized residuals.
Source: Own elaboration.
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Thus, it was found that the combination of variables associated with eGFR behavior
with the best statistical power and explanatory power for eGFR values included cre-
atinine levels, sSTNFR1 levels, and age. Biological sex was not taken into account in the
statistical analysis due to its dichotomous nature. With this combination of variables, the
final equation of the model was generated:

Predicted equation for eGFR values = 120.378 - 33.326 * CREAT - 1.954 * AGE interval -
0.004 * sTNFR1, where it is shown that, in the presence of constant creatinine levels and
constant age, for every unit increase in sSTNFR1 levels (expressed in pg/mL) a 0.004 mL/
min/1.73m?2 reduction in eGFR is expected, which would explain a change of up to 20% of
the eGFR SD.

Discussion

In the present study, a moderate and statistically significant correlation (rho=0.479;
p=0.001) was observed between sTNFRI1 levels and creatinine levels, as well as a very
weak and statistically significant correlation between sSTNFR1 levels and age (rtho=0.296;
p=0.025), the values of the latter being similar to or lower than those reported in other
studies.”” " The correlation between sTNFR1 levels and age could be explained by an
aging-associated dysregulation of the immune system,” whereas the observed correla-
tion between sTNFR1 levels and creatinine levels may be related to the activation of the
TNF-a system that comes with kidney damage in patients with DM2.*

In the present study, the correlations between sTNFR1 levels and blood pressure
(systolic: rho=0.259; p=0.032 and diastolic: rho=0.318; p=0.008) and antihypertensive
therapy (rho=0.292; p=0.015) were weak. The correlation between sTNFR1 levels and
arterial pressure and stiffness had already been described in other articles with similar
results. For example, Gonzdlez-Clemente et al.,” in a study conducted in Spain with 112
patients with a diagnosis of type 1 diabetes mellitus seen in primary care units, found
that sTNFRI1 correlated significantly with pulse pressure (r: 0.215; p=0.030). In turn,

Kim et al.,”” in a study of 117 patients with suspected coronary artery disease seen at a
Medical Center in Seoul, Korea, found that the correlation between sTNFRI1 levels and
brachial-ankle pulse wave velocity was significant positive (r: 0.483; p<0.001). Impor-
tantly, despite the frequency of this finding, it is impossible to deduce whether changes in
STNFRI1 levels are what cause alterations in blood pressure, or whether changes in blood
pressure cause the increase in sSTNFR1 concentrations.

As for the correlations of eGFR, in the present study they were found to be significant
with age (r: -0.351; p=0.003) and creatinine levels (rho: -0.743; p=0.001). These variables
are taken into account in the formulas for calculating eGFR in the American Diabetes
Association guidelines,
correlation between sTNFR1 and eGFR in the multiple linear regression model.

** and in the present study they were confounding factors in the

The correlation between eGFR and the use of antihypertensive drugs was also significant
in the present study (rho: -0.319; p=0.008). This is similar to the findings of Iwao et al.,”
who in a study of 33 patients with CKD treated at Oita University Hospital, Japan, found
that the weight-corrected intensity of antihypertensive treatment score showed a signif-
icant correlation with eGFR (r: -0.472; p=0.006), postulating vascular injury, associated
with hypertension and kidney damage, as a trigger for vascular insufficiency.

For their part, Gémez-Banoy et al.” reported a significant negative linear correlation
between sTNFR1 levels and eGFR (r: -0.448; p=0.001), which was also observed in the
present study with the same strength (rho: -0.577; p=0.001). This correlation had already
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been reported in other studies with a range of moderate to strong correlation.**** In this
sense, the present study confirms the association between chronic inflammation and
the development of diabetic nephropathy and reinforces the hypothesis that chronic
inflammation plays a role in regulating TNFa-associated kidney damage.

The multiple linear regression model performed in the present study demonstrated
adecrease in eGFR of 0.004 mL/min/1.73m? for each unit change in pg/mL of sTNFR],
suggesting a close correlation between sTNFR1 levels and eGFR. According to this model,
patients in the same age range and with the same creatinine level can show changes of
up to 20% in eGFR SD explained only by STNFR1 (2.95 mL/min/1.73m2 per 679.87 pg/mL
SsTNFR1). These results elucidate the confounding effect of creatinine and age on eGFR
calculation and describe the linear correlations between sTNFR1 levels and eGFR in a
Hispanic population with a diagnosis of DM2 and age older than 45 years.

This correlation between sTNFR1 and CKD and eGFR had already been reported in
bivariate analyses performed in patients with CKD and in older adults.**° Furthermore,
several articles involving models adjusted for multiple demographic characteristics have
shown an increased risk of decreased eGFR at higher concentrations of STNFR1."”#7*

In the present study, sSTNFR1 concentrations performed better in explaining eGFR SD than
age (standardized coefficient eGFR: -0.2 vs. standardized coefficient age: -0.192), which al-
lows us to question the influence of age on the estimation of eGFR. In this regard, in a cohort
study comparing outcomes associated with CKD defined by a fixed eGFR threshold with an
age-adapted one, Liu et al.*’ established that current criteria for CKD using the same eGFR
threshold for all ages may result in overestimation of the burden of CKD, overdiagnosis, and
unnecessary interventions in an aging population. In this sense, it is possible that the use of
sTNFR1in the calculation of eGFR offers more precise measures of glomerular filtration rate;
therefore, studies that evaluate the correlation between sTNFR1 levels and eGFR using more
specific methods, such as inulin clearance,” and that discriminate demographic
characteristics would be useful to further investigate this finding.

Other confounding factors in the correlation between sTNFR1 and eGFR are patient sex
and race. In the present study, race was not a confounding factor because all participants
were Hispanic, and with respect to sex, no significant differences in sTNFR1 levels were
observed (U=549, p=0.589). This was also reported by Pulido-Pérez et al.,” who conduct-
ed a study in 265 patients (111 men and 154 women) with a diagnosis of DM?2 or at risk for
this disease treated at a Medical Unit of the Social Security Institute of Puebla, Mexico,
establishing that there are no significant differences for sSTNF and sTNFR1 between
women and men with DM2.'

Based on the above, it can be assumed that the correlation between sTNFR1 levels
and eGFR depends on other related factors, such as atherosclerosis,* the intensity of
antihypertensive therapy (which according to Iwao et al. may reflect the state of vascular
insufficiency), or the degree of histological lesion associated with diabetic nephropathy.
Regarding the latter factor, Fernandez-Real et al.,* in a prospective cross-sectional study
evaluating TNF-a activity in association with renal histology in 22 patients with DM2, found
a correlation between sTNFRI levels and the degree of “mesangial expansion” (r: 0.59;
p=0.004) and “interstitial fraction” (r: 0.58; p=0.005).

The main limitation of the present study is its cross-sectional nature and that it was
conducted in a specific cohort of individuals who were enrolled in a program to control
the complications associated with DM2, which means that itis not a representative
sample of this population in Colombia or even in Bogotd and, therefore, the cause-effect
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relationships reported here cannot be generalized. Consequently, further studies with
larger and more representative samples of these patients in the city and the country are
required to confirm these correlations.

Conclusions

In the final multiple linear regression model, an inversely proportional and statistically
significant linear correlation was found between sTNFR1 levels and eGFR. This correla-
tion is independent of serum creatinine levels and patient age. Compared with age,
sTNFR1 has a superior effect on changes in eGFR.

It is possible that increased circulating levels of sSTNFR1 may be the result of renal
damage events and impaired glomerular filtration that are not detected in routine tests.
Therefore, it is recommended to carry out new studies with a representative sample of
the Colombian population with DM2 in order to reach conclusions applicable to the
national level. Likewise, the findings of the present study suggest the need to develop
new instruments that allow the early detection of kidney damage in patients with DM2.
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