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Abstract
Background: The usefulness of eGFR for screening chronic kidney 
disease (CKD) in early stages among people with type 2 diabetes (T2D) 
and hypertension is still under investigation and has not been definitively 
established. 

Methods: We used a cross-sectional and longitudinal design and recruited 
adults over 19 years of age from Hidalgo, Mexico between 2012 and 2016. 
The study aimed to determine the use of eGFR as a screening method for 
comorbidity among people with type 2 diabetes and hypertension. The 
mean difference was compared between periods and longitudinal linear 
regression models were used to analyze the relationship between eGFR and 
blood pressure and HbA1c levels, which were divided into quartiles. The 
results of this study may provide information on the effectiveness of using 
eGFR for screening chronic kidney disease in this population.

Results: They recruited 1721 participants, of whom 102 had T2D, 319 
had hypertension, 142 had both, and 208 had neither. The results showed 
that an increase in blood pressure was associated with a decrease in eGFR 
across all groups, with the greatest decrease observed in the last quartile 
compared to the first quartile in the second evaluation, and among those 
with hypertension only (-14.20, 95% confidence interval [95%CI] -24.33 to 
-4.08, P 0.001) and those with both T2D and hypertension (-16.06, 95% CI
-31.94 to -0.17, P 0.04). The trend in eGFR was more stable in relation to
an increase in HbA1c, which was more marked in the second measurement
among those with T2D only (2.32, 95%CI -15.11 to 19.74, P≥0.05). The
longitudinal analysis of the absolute change in eGFR showed similar trends
across all groups. These findings suggest that blood pressure may have a
greater impact on eGFR compared to HbA1c levels in this population.

Conclusions: The increase in blood pressure is associated with a decrease 
in eGFR regardless of the presence of T2D or hypertension. This suggests 
that measuring eGFR over a short period of time (2 years) can be useful in 
detecting early-stage kidney damage.
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Introduction
According to worldwide projections, the number of people with hypertension 

is expected to reach 1.56 billion by 2030, and 439 million people are expected 
to have type 2 diabetes T2D by the same year [1-2]. Hypertension is a common 
problem among T2D patients, with a prevalence ranging from 39% to 85.8%, 
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depending on the diagnosis [3-4]. Both hypertension and 
T2D are known to be major contributors to chronic kidney 
disease, which is a major health concern for many countries. 
These projections highlight the importance of addressing 
hypertension and T2D as major risk factors for chronic 
kidney disease [5]. In the context of the growing number of 
people with hypertension and T2D, early detection of chronic 
kidney disease (CKD) is of crucial importance. The early 
stages of CKD are the most prevalent and offer the greatest 
opportunity for intervention to prevent progression to end-
stage renal disease (ESRD) [6-7]. To this end, organizations 
recommend that people with T2D or hypertension undergo 
testing for albuminuria and estimated glomerular filtration 
rate (eGFR) to detect kidney disease even in the absence of 
symptoms [8-9]. Screening for kidney disease using these 
methods has been shown to be a cost-effective screening 
method for T2D, but its effectiveness for hypertension is less 
clear [10-13]. These findings underscore the importance of 
continued research to improve screening methods for CKD in 
at-risk populations. While these conclusions have been drawn 
from cross-sectional and cost-effectiveness studies, they do 
not take into account the temporal aspect of CKD definition 
[10,14]. Additionally, short-term variations in eGFR in 
individuals with T2D and hypertension, especially in those 
with poor control of blood pressure and HbA1c, are not well 
understood. Hence, it is important to determine if short-term 
eGFR measurement screening is useful in diagnosing kidney 
disease, especially in light of the lack of therapeutic control 
of these diseases. In this study, data from a community-based 
cohort in Mexico was used to examine the usefulness of eGFR 
in its variability as a screening method for declining kidney 
function in individuals diagnosed with T2D, hypertension, 
or both diseases. The investigation looked at the relationship 
between eGFR and blood pressure and HbA1c levels in these 
individuals at two different points in time.

Methods
Study Design

The Emiliano Zapata cohort is a prospective study in 
Hidalgo, Mexico that began in 2012, with the aim of studying 
chronic non-communicable diseases. The study population 
was selected using a geostatistical framework provided 
by the Instituto Nacional de Estadística y Geografía [15]. 
Using the ArcGIS 9.3, ESRI software [16], we obtained a 
probabilistic sample of homes in each area based on their 
size. A total of 1721 participants who were over 18 years old 
and met the inclusion criteria participated in the study. The 
study excluded pregnant women. The study followed ethical 
guidelines and each participant provided informed consent 
prior to participation. The protocol was approved by the 
Ethics and Research Committees of the Faculty of Medicine 
at the National Autonomous University of Mexico (UNAM). 
The data collection process was carried out by trained 

personnel and followed established protocols for collecting 
sociodemographic, lifestyle, medical, anthropometric, and 
biochemical information, from November 2012 to August 
2016. No financial compensation was provided to participants 
in accordance with Mexican legislation.

Study Population and Follow-up
From 1721 participants, only 563 (32.7%) of the 636 

participants with T2D and/or hypertension had complete 
data to calculate their basal eGFR and were used in the 
analysis. There were 102 participants (5.9%) with T2D, 
319 (18.5%) with hypertension, 142 (8.3%) with both T2D 
and hypertension, and 208 (12.1%) without either condition 
(fasting glucose serum values <100mg/dL, HbA1c <5.7%, 
and blood pressure <120/80mmHg). The 208 participants 
without T2D or hypertension were used as referents during 
the follow-up.

Blood Pressure Measurement
Blood pressure was measured twice by trained nurses and 

medical students using the Riester© Sphygmomanometer 
with a precision of ±3 mmHg [17]. The average of the two 
measures was used to define systolic and diastolic blood 
pressure.

Glycemia and Blood Pressure Assessment
The subjects were divided into three groups based on 

the presence of T2D, hypertension, or both according to the 
diagnostic criteria set by the American Diabetes Association 
2020 (fasting glycemia ≥126mg/dL [7.0 mmol/L] or 
HbA1c ≥6.5%) and the Eighth Joint National Committee - 
JNC8 (blood pressure ≥ 140 systolic / 90 diastolic mmHg)  
[18-19]. Individuals with prehypertension or prediabetes 
were excluded to avoid variability in the analysis.

Assessment of Glomerular Filtration Rate
The eGFR was calculated using the Chronic Kidney 

Disease Epidemiology Collaboration equation based on 
creatinine serum levels, according to the 2012 KDIGO 
guide [20-21]. The eGFR was entered into the model as a 
continuous variable to identify variations in kidney function 
within each group.

Statistical Analysis
In summary, we used chi2 tests and ANOVA tests to 

contrast the baseline demographic, anthropometric, and 
medical characteristics across the different study groups. 
If the assumptions for ANOVA were not met, a median 
extension test was used. 

Quartile Effect
Quartiles were estimated for HbA1c, and systolic blood 

pressure based on the distribution of the variables in the 
groups. The effect of glycemia and blood pressure on eGFR 
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was assessed by looking at HbA1c and systolic blood pressure 
individually and combined, forming four categories based on 
the baseline status. HbA1c and systolic pressure combination 
was assessed for each group over eGFR, forming four 
categories according to the baseline status recorded when 
they did not remain within the two lowest quartiles for HbA1c 
and the systolic pressure in both assessments. The remaining 
three categories are: systolic pressure in the highest quartiles 
and HbA1c in the lowest two quartiles, systolic pressure in 
the lowest quartiles and HbA1c in the two highest quartiles, 
and subjects with HbA1c and systolic pressure in the highest 
two quartiles. The effect of HbA1c and systolic pressure on 
eGFR was studied using ANOVA tests by stratified baseline 
status, and the absolute difference and its confidence intervals 
were measured using a Bonferroni post-estimation test on the 
baseline measurement and at 2-year follow-up. The temporal 
variability of eGFR between the two measurements was 
measured with a longitudinal mixed-effects model by stratified 
condition, which allows everyone to be his own referent over 
time. The results are presented as the eGFR means with their 
95% confidence intervals per quartile, as well as the values 
of the contrasted absolute differences and their P-values per 
quartile. The temporal analysis is shown in beta values with 
their 95% confidence intervals. The statistical analysis was 
carried out using the Stata© 15.1 program.

Results
The participants were divided into 4 groups based on their 

chronic conditions and baseline eGFR: 1) type 2 diabetes 
only (n=102, 5.9%), 2) hypertension only (n=319, 18.5%), 3) 
both, type 2 diabetes and hypertension (n=142, 8.3%), and 4) 
a reference group without these conditions (n=208, 12.1%).

Table 1 shows the baseline characteristics of the 4 groups 
of participants in the study. The reference group had a younger 
mean age compared to the other groups (32 years [SD±9] vs 
51 [12], 55 [15], and 60 [12] for T2D only, hypertension 
only, and both diseases, respectively). Participants with both 
diseases were more likely to have prior knowledge of their 
conditions and to receive treatment with insulin. They also had 
lower fasting glucose and HbA1C levels compared to those 
with T2D only (mean=162.97 SD±82.53 vs 164.45 ±83.32 
mg/dL, and HbA1C 8.67 ±2.49 vs 9.0 ±2.44 %, respectively), 
but higher systolic blood pressure compared to those with 
hypertension only (142.10 mmHg ±17.61 vs 135.88 ±18.35, 
p<0.001). The participants with both diseases were also more 
likely to take antihypertensive medication compared to those 
with hypertension only (33.10% vs. 22.26%, p=0.01).

The mean basal eGFR for the reference group was 
109.45 mL/min/1.73m2 (SD ±16.26). Participants with type 
2 diabetes only had a mean basal of 95.41 mL/min/1.73m2 

Figure 1: Flow chart for the selection of the participants in the Emiliano Zapata Cohort, by groups. *
*Participants without prehypertension, hypertension, prediabetes, and type 2 diabetes at baseline and at the end of follow-up.
Abbreviations: T2D- Type 2 Diabetes; eGFR- estimated Glomerular Filtration Rate.
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Variable Referent 
(N=208)¶

T2D 
(N=102)

Hypertension 
(N=319)

Both Diseases 
(N=142) P

Age ‒ yr 32±9 51±12 55±15 60±12 <0.001

Female sex ‒ no (%) 173 (83.17) 55 (53.92) 212 (66.46) 98 (69.01) <0.001

Type of community ‒ no (%) 0.011

Urban 151 (72.60) 58 (56.86) 234 (73.35) 96 (67.61)

Rural 57 (27.40) 44 (43.14) 85 (26.65) 46 (32.39)

Duration of disease ‒ yr 

T2D † - 7±3 - 8±3 0.522

Hypertension ‡ - - 7±3 8±3 0.201

Previous diagnosis ‒ no (%) 

T2D † - 55 (53.92) - 110 (77.46) <0.001

Hypertension ‡ - - 161 (50.47) 84 (59.15) 0.104

Fasting serum glucose ‒ mg/dL <0.001

Mean 72.57±8.62 164.45±83.32 78.31±12.45 162.97±82.53

Median 72 137.5 78 136

Interquartile range 67-79 93-218 71-85 98-221

Glycated hemoglobin ‒ % <0.001

Mean 4.95±0.44 9.00±2.44 5.51±0.49 8.67±2.49

Median 5 8.65 5.5 8.1

Interquartile range 4.7-5.3 6.8-10.5 5.2-5.9 6.7-10.2

Blood pressure ‒ mmHg Systolic <0.001

Mean 103.75±7.70 116.71±9.07 135.88±18.35 142.10±17.61

Median 105 120 130 140

Interquartile range 100-110 110-120 125-145 130-150

Dyastolic <0.001

Mean 66.42±5.56 74.52±6.98 88.71±11.42 90.63±8.90

Median 70 75 90 90

Interquartile range 60-70 70-80 80-95 90-100

Serum creatinene ‒ mg/dL 0.013

Mean 0.76±0.21 0.80±0.22 0.84±0.61 0.92±0.82

Median 0.71 0.76 0.75 0.76

Interquartile range 0.65-0.82 0.65-0.90 0.65-0.90 0.65-0.92

Estimated GFR ‒ mL/min/1.73m2 <0.001

Mean 109.45±16.26 95.41±18.22 92.13±21.47 85.50±22.38

Median 112.16 99.82 93.44 88.36

Interquartile range 100.50-120.53 87.83-105.74 83.62-104.38 72.87-101.21
Estimated GFR <60 mL/min/1.73m2 

‒ no (%) Other risk factors 01 (00.48) 06 (05.88) 20 (06.27) 16 (11.27) <0.001

Cholesterol ‒ mg/dL

LDL 93.11±29.79 105.24±31.70 108.17±31.47 109.66±34.08 <0.001

HDL 47.33±11.60 43.26±10.47 44.64±12.57 42.66±9.95 0.003

Triglyceride ‒ mg/dL 145.80±98.18 244.75±268.11 178.98±118.22 265.44±237.33 <0.001

Body-mass index 25.35±4.04 28.96±4.89 29.37±5.33 30.09±5.2 <0.001

Current and former smoker ‒ no (%) 99 (47.60) 48 (47.06) 131 (41.07) 56 (39.44) 0.27

Hypoglycemic medications 

Table 1: Characteristics of the participants at baseline, by groups. *
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Insulin ‒ no (%) † 0 (0.00) 10 (9.80) 0 (0.00) 23 (16.20) 0.312

None ‒ no (%) † 208 (100.00) 68 (66.67) 319 (100.00) 79 (55.63) 0.082

Antihypertensive medications 

None ‒ no (%) ‡ 208 (100.00) 96 (94.12) 248 (77.74) 95 (66.90) 0.014

Other medications 

NSAIDs ‒ no (%) 14 (6.73) 8 (7.84) 52 (16.30) 22 (15.49) 0.003

Cholesterol lowering ‒ no (%) 2 (00.96) 5 (4.90) 9 (2.82) 6 (4.23) 0.158

Exercise as a treatment ‒ no (%) - 14 (13.73) 28 (8.78) 29 (20.42) 0.728

Diet as a treatment ‒ no (%) - 1 (0.98) 23 (7.21) 17 (11.97) 0.552
Medical check-up for the disease in 
the last year ‒ no (%) - 35 (34.31) 62 (19.44) 66 (46.48) 0.072

Hospitalizations associated with the 
disease in the last year ‒ no (%) - 1 (0.98) 5 (01.57) 10 (7.09) 0.066

* Plus‒minus values are means ±SD. The body-mass index is the weight in kilograms divided by the square of the height in meters.
¶ Group with fast glucose serum values of <100mg/dL, HbA1c <5.7%, and systolic/diastolic blood pressure of <120/80mmHg during the follow-up.
† P value considering only the group with T2D without hypertension and the group with both diseases.
‡ P value considering only the group with hypertension without T2D and the group with both diseases.
Abbreviations: T2D, type 2 diabetes; GFR, glomerular filtration rate; LDL, low-density lipoprotein; HDL, high-density lipoprotein; NSAIDs,
nonsteroidal anti-inflammatory drugs.

Figure 2: Mean estimated glomerular filtration rate contrasted by baseline quartiles of glycated hemoglobin with the lowest at baseline and at 
2-year follow-up by comorbidity. *
*Panel a show the absolute differences by baseline glycated hemoglobin quartiles with respect to the first baseline glycated hemoglobin quartile at 
baseline and at 2-year follow-up for the mean eGFR in the participants without hypertension and T2D. While panel b, c and d show the stratified 
by baseline comorbidity condition, being T2D without hypertension, hypertension without T2D and both conditions, respectively. The bars indicate 
the absolute difference contrasted with the first quartile. The vertical lines above the dots indicate the confidence interval for the mean eGFR.
Abbreviations: eGFR- estimated Glomerular Filtration Rate; T2D- Type 2 Diabetes.
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(±18.22), while those with hypertension only had a mean 
basal of 92.13 mL/min/1.73m2 (±21.47). Participants with 
both type 2 diabetes and hypertension had the lowest mean 
basal eGFR, which was 85.50 mL/min/1.73m2 (±22.38). They 
found that the trend in mean eGFR among the four groups 
of participants showed a stable or even increasing trend in 
the first assessment when HbA1c increased. However, this 
trend was not statistically significant (P≥0.05). In the second 
evaluation, the groups showed a downward trend in eGFR 
with increasing HbA1c, except for the group with type 
2 diabetes only. The absolute difference in mean eGFR of 
the last quartile compared to the reference quartile showed 
no significant contrast for the group with type 2 diabetes 
only in both first 1.61 (95%CI -11.76 to 14.98, P≥0.05) and 
second 2.32 (-15.11 to 19.74, P≥0.05) measurements, and 
for individuals with both diseases in the first 2.04 (-12.24 to 
16.32, P≥0.05) and second -7.20 (-24.80 to 10.40, P≥0.05) 
measurements (Figure 2).

The increase in systolic blood pressure had a tendency 
to decrease the mean eGFR in the groups with chronic 
conditions, with a greater decrease in those with baseline 
hypertension, in both first and second evaluations. This 
decrease was more significant in the second evaluation, with 
significant differences in the last quartile compared to the first 
quartile for the groups with hypertension only -14.20 (-24.33 
to -4.08, P 0.001) and both diseases -16.06 (-31.94 to -0.17, 
P 0.04). The trend was not observed in the reference group, 
which showed a stable and upward trend in both evaluations 
(first -2.13 [-15.47 to 11.21] and second 6.26 [-18.21 to 
30.73] evaluations, P≥0.05). Figure 3.

The longitudinal analysis integrating changes in eGFR, 
HbA1c, and systolic pressure over time, showed a trend 
similar to the cross-sectional analysis. As HbA1c increased, 
eGFR increased (e.g., both diseases β 5.63 [-1.88 to 13.14,  
P 0.14]), while as systolic pressure increased, eGFR 
decreased or had a lower increase (e.g., both diseases  

Figure 3: Mean estimated glomerular filtration rate contrasted by baseline quartiles of systolic blood pressure with the lowest at baseline and at 
2-year follow-up by comorbidity. *
* Panel a show the absolute differences by baseline systolic blood pressure quartiles with respect to the first baseline systolic blood pressure
quartile at baseline and at 2-year follow-up for the mean eGFR in the participants without hypertension and T2D. While panel b, c and d show 
the stratified by baseline comorbidity condition, being T2D without hypertension, hypertension without T2D and both conditions, respectively. The 
bars indicate the absolute difference contrasted with the first quartile. The vertical lines above the dots indicate the confidence interval for the 
mean eGFR.
Abbreviations: eGFR- estimated Glomerular Filtration Rate; T2D- Type 2 Diabetes.
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Figure 4: Changes in the estimated glomerular filtration rate at two years of follow-up given by changes in glycated hemoglobin and/or systolic 
blood pressure in quartiles for each of the groups.
**Participants without hypertension and type 2 diabetes.
‡ Comparison group within groups (consisting of individuals with HbA1c and systolic blood pressure within the two lowest quartiles over 
time).
Abbreviations: eGFR- estimated Glomerular Filtration Rate; T2D- Type to Diabetes; HbA1c- Glycated Hemoglobin; Sys-BP- Systolic Blood 
Pressure.
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β 0.63 [-5.99 to 7.25, P 0.85]). However, the increase in both 
HbA1c and systolic pressure resulted in a greater increase in 
eGFR compared to when either HbA1c or systolic pressure 
were elevated individually (e.g., both diseases β 12.09 [3.11 
to 21.07, P 0.009]). This was seen in all groups analyzed  
(Figure 4).

Discussion
The results showed that there was a downward trend in 

eGFR in individuals with T2D and/or hypertension in both 
cross-sectional and longitudinal analyses. However, the 
relationship between HbA1c and eGFR was not significant, 
with stable or even increasing trends in eGFR as HbA1c 
increased, particularly in the T2D-only group. On the other 
hand, systolic pressure was found to be a significant factor 
associated with decreased eGFR in individuals with disease. 
We concluded that eGFR could be a useful screening method 
for short-term deterioration of renal function, especially 
with increasing blood pressure, but not for serum glucose 
elevation. However, hypertension and decreased eGFR 
may occur in future years for the diabetic group without 
hypertension, given the high prevalence of hypertension with 
increasing age and in people with diabetes [22-23]. There is 
evidence supporting the use of eGFR for screening worsening 
renal function in people with T2D and/or hypertension, and 
it is more effective in people over 50 years old or those with 
albuminuria higher than 50 mg/dL [24-26]. The evidence 
is more conclusive in the T2D population. Our data do 
not support the implementation of eGFR as a screening 
method for the deterioration of renal function in people with 
uncontrolled T2D, due to the observed increase or stability 
of eGFR. This increase or stability can be partially explained 
by the phenomenon of glomerular hyperfiltration that occurs 
in the natural history of a diabetic kidney. Additionally, the 
values of eGFR obtained during the study match with those 
obtained during the natural history of a diabetic kidney in the 
T2D population. However, we demonstrated the usefulness 
of eGFR as a screening method for the early stages of 
deterioration of renal function in people with hypertension 
and lack of therapeutic control, even though the evidence 
for this outcome is not as conclusive. An increase in eGFR 
was observed in participants from all groups with increased 
HbA1c over the 2-year follow-up period. These results could 
be due to a phenomenon of glomerular hyperfiltration and 
maintenance of regular ratios by adaptive mechanisms of the 
kidneys, which corresponds to the early stages of the natural 
history of diabetic kidney disease [27-28]. It is important to 
note that this increase in eGFR with elevated HbA1c also 
occurred in the group of participants with hypertension 
only. On the other hand, regarding the effect of changes in 
eGFR caused by the combination of HbA1c and systolic 
pressure, we observed a different pattern in the trends of 
evaluation of HbA1c and systolic pressure separately and 
together on eGFR in the group with both diseases compared 

to the group with T2D or hypertension alone, suggesting 
an interaction effect (effect modification) when both factors 
were combined in the group with both diseases. It must be 
highlighted that these results could partially explain the 
findings related to the lowest probability of an individual 
with chronic kidney disease to have a linear trajectory or 
progression to ESRD [29]. According to what we observed, 
HbA1c is accompanied by a minimum elevation in eGFR. 
It is possible to think that this lack of progression in kidney 
disease is explained by this phenomenon. However, this 
does not imply the absence of kidney damage, but rather 
an adaptive phenomenon. Finally, more than 50% of the 
participants were without pharmacological treatment for their 
chronic disease. Moreover, a scarce use of hygienic-dietetic 
measures was observed, partially explained by the number 
of individuals unaware of their disease at the beginning of 
the study (more than 30% in any of the three comorbidity 
groups). Without adequate diagnosis and treatment, diabetes 
and hypertension would follow their natural course, leading, 
in many cases, to advanced stages of chronic kidney 
disease. The main strength of this study was being an open 
population cohort, which allowed us to understand the 
natural history of eGFR in this type of population without the 
characteristics observed in participants of clinical trials such 
as having a better prognosis and a lower estimate of GFR 
compared to the general population. Additionally, dividing 
subjects with T2D and hypertension from the group with 
both comorbidities represented an advantage in identifying 
interactive effects between both factors on renal function. 
Some of the limitations of the study were the categorization 
of the participants into groups with both comorbidities and 
one with only one, as well as the sub-categorization of the 
groups based on the levels of HbA1c and blood pressure, 
which resulted in a significant decrease of the population in 
the analysis and unstable results. Secondly, we believe that 
the follow-up time of the cohort should have been longer 
since the worsening of eGFR by T2D and/or hypertension 
is a chronic process that takes years to manifest. Finally, 
there was a significant age discrepancy between the groups at 
baseline. With aging, the prevalence of certain comorbidities 
(such as hypercholesterolemia) that can affect renal function 
increases, and it is possible that the presence or absence of 
these conditions may have implications for our results, which 
were not considered in our analysis.

Conclusion
Variations related to the increase in HbA1c levels showed 

a trend of elevating eGFR in the short term for subjects 
with T2D, probably due to an adaptive phenomenon of the 
kidney to impairment; however, it does not suggest that 
renal function is in a state of homeostasis. Conversely, the 
increase in systolic pressure levels showed a trend towards a 
decrease in eGFR for participants with T2D or hypertension. 
Finally, the short-term measurement of eGFR in open 
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population with some of these comorbidities represents a 
benefit for early detection of impaired renal function, given 
the decrease observed with increasing blood pressure and 
the high prevalence of coexisting T2D and hypertension at 
the same time, while continuing to use other studies, such as 
albuminuria, for detecting kidney damage in the early stages.
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