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Diabetes mellitus (DM) and arterial hypertension (AH) are the two main clinical conditions related

to Chronic Kidney Disease (CKD); disease also identify by the levels of low-grade albuminuria (LGA).
Few studies have simultaneously investigated the associations of glycated hemoglobin (HbAlc) and
fasting plasma glucose (FPG) with LGA. Our study aimed to investigate and compare the association
of HbAlc and FPG with the probability of LGA in adult and elderly individuals with DM and AH, within
the scope of Primary Health Care (PHC). Cross-sectional study involving 737 Brazilians individuals
previously diagnosed with hypertension and/or diabetes. Tests for HbAlc, FPG and LGA were
performed. LGA was defined as the highest quartile of albumin urinary (=13 mg/g) among individuals
with urinary LGA <30 mg/ g. A significant increase in the prevalence of LGA was found with increasing
levels of HbA1c (p <0.001). There was a significant association of HbAlc with LGA (p<0.001) and
increased probability of LGA for participants with HbAlc=6.5% compared to those with Hbalc<5.7%
(OR[95% Cl]: 2.43 [1.32-4.46], p<0.05), after adjusting for confounding factors, except when adjusted
for FPG (p=0.379 and p=0.359, respectively). HbAlc and FPG were significantly associated in a
collinear manner with an increased probability of LGA in adult and elderly individuals with DM and AH.

The low-grade albuminuria (LGA) is considered an important predictor of Chronic Kidney Disease (CKD)
and it is categorized as moderately increased albuminuria when its values are between 30 and 300 mg/g and
severely increased above 300 mg/g'. Recent evidence shows that LGA, which is when urinary Urine Albumin-to-
Creatinine Ratio (UACR) values are below the 30 mg/g threshold, is an early marker of cardiovascular mortality?,
although albuminuria values at this level are considered normal'. In addition, urinary LGA was independently
associated with glycated hemoglobin (HbA1c)?, whose values indicate the mean level of blood glucose in the last
3 months with less variability, despite fasting plasma glucose (FPG) being the test most commonly performed
in screening for the diagnosis of diabetes mellitus (DM)*.

The worldwide prevalence of CKD was 9.1% in 2017 and, in Brazil, arterial hypertension (AH) and DM were
the two main clinical conditions related to the evolution to dialysis, accounting for, respectively, 34% and 31%
of primary causes of end-stage kidney disease (ESKD)>*.

There are studies have evaluated the relationship between HbA1lc and FPG levels with LGA, however, in the
context of Primary Health Care (PHC) where most patients with DM and AH are diagnosed and accompanied,
we have not found many studies. Therefore, this study aimed to investigate the association between HbAlc and
FPG with the probability of LGA in adult and elderly individuals with DM and AH, within the scope of PHC.

!Department of Nursing and Medicine, Federal University of Vicosa, Vi¢osa, Minas Gerais, Brazil. 2Department of
Nutrition and Health, Federal University of Vicosa, Vicosa, Minas Gerais, Brazil. ““email: emilynutufv@gmail.com

Scientific Reports |

(2021) 11:17565 | https://doi.org/10.1038/541598-021-96652-6 nature portfolio


http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-021-96652-6&domain=pdf

www.nature.com/scientificreports/

Methods

Study design and population. This was a cross-sectional study with adult and elderly individuals previ-
ously diagnosed with DM and/or AH registered in 16 (88.9%) PHC services from a municipality in Zona da
Mata, Minas Gerais, Brazil, between August 2017 and April 2018.

In 2017, the 16 PHC services in the municipality mentioned, had 6,621 individuals registered and monitored
by the PHC, diagnosed with DM and/or AH. Through a sample calculation (Statcalc, Epi-Info, version 7.2), a
minimum sample (reference population) of 719 individuals was calculated to identify the prevalence of CKD
hidden in this population.

Despite the minimum sample being 719 individuals, we managed to recruit 841 participants, who agreed to
participate in the study after clarification. The recruit participants aged 18 years or older and diagnosed with
DM and/or AH accompanied by PHC were recruited, who agreed to participate in the study after clarification.
We excluded individuals who had severe clinical conditions, those with an established CKD diagnosis, users
who abuse alcohol and / or other drugs, individuals unable to move for data collection and pregnant women.

Data from 104 participants who showed albuminuria values above 30 mg / g were disregarded, resulting in
a final sample of 737 individuals for the current analysis.

Data collection and measures. Sociodemographic, lifestyle and clinical data were collected through a
semi-structured questionnaire®. Weight, in kilograms, was obtained using an electronic scale, with a capacity of
150 kg and a division of 50 g, and height was measured in meters using a portable anthropometer, consisting of
a metal platform for positioning individuals and a removable wooden column containing millimeter tape and a
reading cursor, according to the techniques of Jelliffe’. The Body Mass Index (BMI) was calculated by dividing
weight by height square and classified according to World Health Organization (WHO) (2000) criteria for adults
and Lipschitz (1994) for the elderly'®!".

Waist circumference (WC) and hip perimeter (HP) were measured in centimeters (cm) with an inextensible
measuring tape. The WC was obtained immediately above the iliac crest and the HP at the point of greatest hip
volume. The values of WC were classified according to the probability for chronic non-communicable diseases
according to WHO'". The waist-to-hip ratio (WHR) was calculated by the ratio between the values of WC and
HP. The WHR values were classified according to cardiovascular probability according to the WHO'. Blood
pressure was measured by a trained professional with a mercury sphygmomanometer on the left arm, with the
subject in a sitting position.

The collections and analyzes of biological materials (blood and urine) were performed by a single accredited
laboratory. With prior guidance, participants collected a single sample of the first morning urine for analysis of
urinary albumin (mg / dL) and creatinine (mg/dL). UACR was calculated as milligram (mg) of urinary albumin
excreted per gram (g) of creatinine and divided into quartiles. The highest quartile (> 13 mg/g) was adopted as the
threshold for UACR, classifying these individuals as having LGA, without corrections for gender, because there
were no differences between genders with regard to stratification of in albuminuria quartiles. The glomerular
filtration rate (GFR) (mL/min/1.73 m?) was obtained using the formula CKD-EPI (Chronic Kidney Disease
Epidemiology Collaboration) and considered to be reduced when <60 mL/min/1.73 m?'.

HbAI1C was performed using the High-Performance Liquid Chromatography (HPLC) method, certified by
the National Glycohemoglobin Standardization Program USA (NGSP). For transporting the material, 2.5 mL
of EDTA whole blood was used, cooled to room temperature. The test was performed using the Bio-Rad VARI-
ANT II TURBO HbAlc instrument with the reagent from the same supplier. The ACR was performed using the
Turbidimetry method, with 0.5 mL of urine, with transport refrigerated for 7 days or frozen for 30 days. The test
was carried out by Abbott’s Architect C8000 with Abbott’s ready-to-use >95% liquid reagent.

Blood samples were collected through venipuncture, after 12 h of overnight fasting performed by patients.
The following biochemical parameters were analyzed: total cholesterol (TC) (mg/dL) and the fraction of high-
density lipoprotein (HDL-c) (mg/dL), triglycerides (TG) (mg/dL), FPG (mg/dL) and HbAlc (%). HbAlc val-
ues were classified as <5.7% (normoglycemia); 5.7 to 6.4% (pre-diabetes or increased probability for diabetes)
and >6.5% (established diabetes), according to the laboratory criteria adopted by the Brazilian Diabetes Society
(2019-2020)"2.

Statistical analysis. Continuous variables were presented as means and standard deviations or medians
and interquartile ranges for asymmetric variables. Categorical variables were expressed in absolute and relative
frequencies. The normality of the data was assessed by the Kolmogorov-Smirnov test.

The differences between the three categories of HbAlc were analyzed by one-way analysis of variance
(ANOVA) or Kruskal-Wallis for continuous variables and by Pearson’s chi-square test for categorical variables.
Associations of LGA levels with each increase of 1-SD (standard deviation) in glycemic indicators (FPG and
HbAIc) were examined by linear regression at different levels of adjustment, with LGA transformed into a log
before analysis.

Logistic regression models were used to assess the association between HbAlc levels and LGA
(UACR 213 mg/g). The probability of LGA in relation to each HbA lc classification was explored in the adjust-
ment for age, sex, alcohol consumption, BMI, WC and serum values of TC, HDL-¢, TG and FPG.

The tests were two-tailed and p values <0.05 were considered statistically significant in the multivariable
model. The magnitude of the associations was assessed by Odds Ratio (OR) with 95% confidence intervals (CI).
Statistical analyzes were performed using the SPSS 20.0 (Statistical Package for the Social Sciences) program.

Ethical approval. The study is part of a larger project’, which followed the ethical precepts of Resolution
466/2012 of the National Health Council, being approved by the Ethics Committee of the Federal University of
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HbAlclevels
<5.7% 5.7-6.4% >6.5%
Total Normoglycemia Pre-diabet Diabett P

Participants 737 226 (30.7%) 283 (38.4%) 228 (30.9%)
Age (years) 62.0 [54.0 - 69.0] 60.0 [52.9 - 67.0] 63.0 [54.0 - 70.0] | 63.0 [54.5 - 69.0] <0.05
Sex 0.51
Male 274 (37.2%) 91 (40.3%) 102 (36.0%) 81 (35.5%)
Female 463 (62.8%) 135 (59.7%) 181 (64.0%) 147 (64.5%)
Color / Ethnic 0.17
Black 160 (23.6%) 43 (20.4%) 59 (23.2%) 58 (27.1%)
White 225 (33.1%) 78 (37.0%) 74 (29.1%) 73 (34.1%)
Brown/Yellow/ Indigenous 294 (43.3%) 90 (42.7%) 121 (47.6%) 83 (38.8%)
Comorbidities <0.05
Hypertension only 444 (60.2%) 203 (89.8%) 200 (70.7%) 41 (18.0%)
Diabetes only 52(7.1%) 5(2.2%) 8(2.8%) 39(17.1%)
Hypertension and Diabetes 241 (32.7%) 18 (8.0%) 75 (26.5%) 148 (64.9%)
Alcohol use (yes) 181 (26.7%) 66 (31.1%) 65 (25.8%) 50 (23.5%) 0.19
Current smoker (yes) 76 (11.3%) 30 (14.3%) 29 (11.5%) 17 (8.1%) 0.34
Biochemical parameters
LGA (mg/g) 5.0 [2.0-8.0] 4.0 [2.0-7.0] 5.0 [3.0-8.0] 5.0 [3.0-11.0] <0.05
FPG (mg/dL) 97.0 [87.0-122.0] 88.0 [83.0-94.0] 95.0 [87.0-106.0] 141.0 [118.5-184.5] <0.05
GFR (mL/min/1.73m?) 84.5+19.3 86.9+19.6 82.8+18.7 84.2+19.7 0.056
TC (mg/dL) 191.2+£40.0 199.1+40.77 193.5+£39.0 180.7+38.3 <0.05
HDL-c (mg/dL) 49.0 [42.0-59.0] 52 [44.0-61.0] 48 [41.0-60.0] 47.5 [40-57.5] <0.05
TG (mg/dL) 126.0 [95.0-171.0] | 115.0 [88.0-157.0] | 129.0 [98.0-173.0] | 130.0 [101.0-179.0] | <0.05
Anthropometric parameters 496 (73.3%) 146 (68.9%) 187 (74.2%) 163 (76.5%)
SBP (mmHg) 130.0 [120.0-140.0] | 130.0 [120.0-140.0] | 130.0 [120-140] 130.0 [120-140] 0.584
DBP (mmHg) 80.0 [80.0-90.0] 80.0 [77.0-90.0] 80.0 [78.0-90.0] 80.0 [80.0-90.0] 0.816
BMI (Kg/m?) 28.2 [24.8-31.8] 27.1 [23.43-30.7) 28.7 [25.3-32.5] 28.3 [25.3-32.2] <0.05
WC (cm) 93.6+11.2 90.5+10.1 94.6+11.8 95.2+11.0 <0.05
WHR 0.90 [0.85-0.96] 0.88 [0.83-0.93] 0.90 [0.85-0.96] 0.93 [0.86-0.97] <0.05

Table 1. General characteristics of participants according to levels of glycated hemoglobin. Data were
expressed as means+ SD or median (IQR) for continuous variables and numbers (percentages) for categorical
variables. The p values were calculated using the Annova test and kruskal kal wals for continuous variables
and 2 test for categorical variables. LGA, low-grade albuminuria; BMI, body mass index; GFR, glomerular
filtration rate; FPG, fasting blood glucose; HbA Ic, glycated hemoglobin Alc; HDL-c, high density lipoprotein
cholesterol; TG, triglycerides; WC, waist circumference; WHR, waist-to-hip ratio.

Vigosa (Opinion: 1203. 173, CAAE: 47356115.3. 0000.5153). The informed consent was obtained from all sub-
jects. All methods were performed in accordance with the relevant guidelines and regulations.

Results

Characteristics of the participants. Table 1 shows the demographic and cardiometabolic characteris-
tics of the study population by categories of HbAlc. Accompanying the increase in HbAIc levels, there was a
significant increase (p <0.05) in LGA urinary, a progression in the age of participants and in the prevalence of
individuals with an isolated diagnosis of DM or with a diagnosis of DM and AH concomitantly.

As HbAlc levels progressed, there was also a progressive reduction in HDL-c and TC levels and a progressive
increase in TG and FPG levels. It was also evidenced the occurrence of overweight or obesity through BMI and
a gradual increase in cardiovascular probability by the values of WC and WHR, accompanying the increase in
HbA1lc levels. It was observed that individuals without a diagnosis of DM had HbA 1c¢ levels that classified them
as pre-diabetes or with DM.

Association of LGA with Hb1Ac and FPG. Table 2 shows a significant association of LGA in the uni-
variate analysis with FPG and HbAlc in model 1, remaining significant even after adjusting for confounding
factors (age, sex, alcohol consumption, TC, HDL-c, TG, BMI and WC) in the multivariate analysis of model 2
(p<0.001). For each increase in a glucose SD (50.7 mg/dl) we have an increase of 6.8 mg/g of LGA. And for each
increase in a SD of HbAlc (1.57%) we have an increase of 7.3 mg/g of LGA.

However, posterior adjustment for HbAlc and FPG (model 3) reduced to zero the association of LGA with
FPG (p=0.170) and with HbA1lc (p=0.379), respectively.
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Model 1 Model 2 Model 3

B+SE P B+SE P B+SE P
FPG* 6.70+2.00 0.001 6.80+2.10 0.001 2.30+3.20 0.482
HbA1c** 7.90+1.80 <0.001 7.30+2.00 <0.001 5.60+03.10 0.068

Table 2. Association of albumin-to-creatinine ratio for each increase of 1-SD in the levels of HbAlc and FPG.
Model 1: Not adjusted. Model 2: Adjusted for age, sex, alcohol consumption, TC, HDL-cholesterol, TG, BMI
and WC. Model 3: * Subsequently adjusted for HbAlc in addition to the model 2 variables; ** Subsequently
adjusted for FPG in addition to the model 2 variables. SD, standard deviation; B, regression coefficient; SE,
standard error; BMI, body mass index; FPG, fasting plasma glucose; HbAlc, glycated hemoglobin Alc; HDL-c,
high density lipoprotein cholesterol; TG, triglyceride; WC, waist circumference.
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Figure 1. Prevalence of low-grade albuminuria (LGA) according to the levels of glycated hemoglobin (HbAlc).

Levels of HbAlc (%)

<5.7 5.7-6.4 26.5
Models Normoglycemia Pre-diabetes Diabetes P
1 1.00 1.793 (1.007-3.192) 3.06 (1.739-5.384) <0.05
2 1.00 1.429 (0.773-2.642) 2.428 (1.322-4.459) <0.05
3 1.00 1.372 (0.740-2.544) 1.687 (0.818-3.482) 0.359

Table 3. Association of the probability of low-grade albuminuria (LGA) with the levels of HbAlc. ORs
(95% CI). Model 1: Not adjusted. Model 2: Adjusted for age, sex, alcohol consumption, TC, HDL-c, TG, BMI
and WC. Model 3: Adjusted for FPG in addition to the variables in model 2. BMI, body mass index; FPG,
fasting plasma glucose; HbA ¢, glycated hemoglobin Alc; HDL-c, high density lipoprotein cholesterol; TG,
triglyceride; WC, waist circumference.

Association of LGA with HbAlc levels. The occurrence of a significant gradual increase (p <0.001) in
the prevalence of LGA following the progression of HbAlc levels (<5.7%; 5.7-6.4% and > 6.4%) was observed
(Fig. 1).

When assessing the relationship between LGA probability and HbA1c levels, taking normoglycemia as the ref-
erence category, a significant association was observed in all categories of HbA1c in the univariate analysis (model
1). After the first adjustment for confounding factors (model 2), only participants with HbAlclevels>6.5% were
more likely to also show LGA. When adjusted for FPG (model 3), there was no significance (p=0.359) (Table 3).

Discussion
Our study assessing the relationship between the levels of HbAlc and FPG with LGA in a key group of patients
diagnosed with DM and/ or HA, accompanied by PHC services. In Brazil, these two clinical conditions together
represent 65% of the primary causes of ESKD®. The presence of albumin in the urine is a common, but not uni-
form, finding in CKD, and LGA can be used as a parameter in the initial assessment and monitoring in popula-
tions at probability for this disease!. The study by Garg et al.’* makes this clear when reporting in their findings
that, when albuminuria and renal failure were considered together in different segments of the population, par-
ticipants with GFR less than 30 mL/min/1.73 m? did not demonstrate albuminuria, and 34% of diabetics and 63%
of non-diabetic hypertensive patients with GFR less than 30 mL/min/1.73 m? did not demonstrate albuminuria.
Among the possible pathophysiological mechanisms involved in the excretion of albumin, a plasma protein
synthesized by the liver, are inflammation, endothelial dysfunction and capillary permeability'*. The increase in
albuminuria may be associated with elevated systolic blood pressure, hypertriglyceridemia, HDL-c reduction,
obesity, metabolic syndrome and insulin resistance"'*!>. However, urinary albumin levels are fluctuating and
LGA must be interpreted in the context of the potential underlying etiology and as a dynamic vascular system,
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which reflect biological complexity albumin excretion. LGA associated with inflammation may reflect a patho-
logical process distinct from LGA associated with insulin resistance or AH".

In another recent study that followed 37,091 individuals for 10 years, LGA was an independent risk factor
for incident AH and mortality from cardiovascular disease, but not for the incidence of DM, during the same
follow-up period®. However, in diabetic adults, LGA has been associated with peripheral arterial disease and
poor memory performance in elderly diabetics without dementia'®"’, in addition to being an early marker for
the detection of arterial stiffness'®.

The significant association between HbAlc levels and the prevalence of LGA has also been demonstrated
in a previous study with Chinese middle-aged adults®. The main difference from the current study was that
they found an independent correlation between HbA1c¢ with LGA, but no similar association for FPG or blood
glucose after two hours of glucose overload. It is worth mentioning the divergence between the sample popula-
tions of the studies, as well as the observation of a possible collinearity between the variables HbAlc and FPG
in the present study, since, despite being different biochemical tests, both measure the presence of glucose in
the blood. Another study finds that the prevalence of prediabetes according to FPG/2 h-PG among individuals
with normal HbA ¢ is considerably high, and the prevalence of moderately increased albuminuria in this group
is significantly elevated’.

A question that arises is whether glycemic control would provide better primary and secondary outcomes
related to long-term albumin excretion. In this sense, Qingrong Pan et al. (2018) demonstrated that LGA (UACR
10-30 mg/g) was associated with metabolic factors before treatment and that the use of metformin or acarbose
significantly reduced albuminuria in this group®. A systematic Cochrane review also suggested that people
who receiving intensive glycemic control (HbAlc<7%) for treatment of DM compared to less rigorous control
(HbA1lc>7%) experienced small clinical benefits in relation to the onset and progression of microalbuminuria
and non-fatal acute myocardial infarction?!.

Some limitations of this study must be mentioned. First, due to the cross-sectional characteristic of this study,
we have not drawn any conclusions about cause and effect between HbA1c and FPG in relation to LGA. Secondly,
the fact that we did not measure 24-h albuminuria, considered the gold standard’, however, the use of urine
in a simple and unique test has good agreement and can be a reliable alternative*’. Third, we did not calculate
specific LGA thresholds for the sexes, with the possibility of subtle differences between them. In addition, blood
glucose after two hours of glucose overload and serum insulin for calculating the HOMA index, best markers
for assessing insulin resistance, were not analyzed'.

Conclusions
In conclusion, the study demonstrated that HbA1lc and FPG were significantly associated in a collinear manner
with an increased risk of LGA in adults and elderly individuals with DM and AH, accompanied by PHC. The
recognition of this association can contribute to the preventive management of patients in the risk group for the
DRGC, encouraging changes in lifestyle and the control of modifiable factors.

However, in order to better evaluate the therapeutic properties, further long-term prospective studies are
needed to compare the levels of HbAlc and FPG, relating them to the development of LGA and to important
primary outcomes, such as progression to ESKD and mortality.

Received: 6 December 2020; Accepted: 5 July 2021
Published online: 02 September 2021

References

1. Kirsztajn, G. M. et al. Leitura rapida do KDIGO 2012: Diretrizes para avaliagdo e manuseio da doenca renal cronica na pratica
clinica. J. Bras. Nefrol. 36(1), 63-73. https://doi.org/10.5935/0101-2800.20140012 (2014).

2. Sung, K. C. et al. Urine albumin/creatinine ratio below 30 mg/g is a predictor of incident hypertension and cardiovascular mortal-
ity. J. Am. Heart Assoc. 5(9), €003245. https://doi.org/10.1161/JAHA.116.003245 (2016).

3. Huang, X. et al. Glycated haemoglobin A1C is associated with low-grade albuminuria in Chinese adults. BMJ Open 5(8), 1-8.
https://doi.org/10.1136/bmjopen-2014-007429 (2015).

4. Selvin, E., Crainiceanu, C. M., Brancati, . L. & Coresh, J. Short-term variability in measures of glycemia and implications for the
classification of diabetes. Arch. Intern. Med. 167(14), 1545-1551. https://doi.org/10.1001/archinte.167.14.1545 (2007).

5. Bikbov, B. et al. Global, regional, and national burden of chronic kidney disease, 1990-2017: A systematic analysis for the Global
Burden of Disease Study 2017. Lancet 395(10225), 709-733. https://doi.org/10.1016/S0140-6736(20)30045-3 (2020).

6. Thomé, E S., Sesso, R. C., Lopes, A. A., Lugon, J. R. & Martins, C. T. Inquérito Brasileiro de Diélise Cronica 2017. J. Bras. Nefrol.
41(2), 208-214. https://doi.org/10.1590/2175-8239-jbn-2018-0178 (2019).

7. Comini, L. O. et al. Individual and combined components of metabolic syndrome with chronic kidney disease in individuals with
hypertension and/or diabetes mellitus accompanied by primary health care. Diabetes Metab. Syndr. Obes. Targets Ther. 13, 71-80.
https://doi.org/10.2147/DMS0.5223929 (2020).

8. Ribeiro, A. G. et al. Hipertensio arterial e orientagdo domiciliar: o papel estratégico da saude da familia. Rev. Nutr. 25(2), 271-282.
https://doi.org/10.1590/S1415-52732012000200009 (2012).

9. Jelliffe, D. B. The assessment of the nutritional status of the community (with special reference to field surveys in developing regions
of the world). Monogr. Ser. World Health Organ. 53, 3-271 (1966).

10. Obesity: Preventing and managing the global epidemic. Report of a WHO consultation. World Health Organ Tech Rep Ser.
2000;894:i-xii, 1-253.

11. Lipschitz, D. A. Screening for nutritional status in the elderly. Prim. Care 21(1), 55-67 (1994).

12. Forti, A.C,, Pires, A.C,, Pittito, B.A., Gerchman, E, de Oliveira, ].E.P,, & Zajdenverg, L., et al. Diretrizes Sociedade Brasileira de
Diabetes 2019-2020. Clannad Editora Cientifica; 2019.

13. Garg, A. X,, Kiberd, B. A., Clark, W. E, Haynes, R. B. & Clase, C. M. Albuminuria and renal insufficiency prevalence guides popula-
tion screening: Results from the NHANES III. Kidney Int. 61(6), 2165-2175 (2002).

14. Prates, M. L. et al. Factors associated with microalbuminuria in non-diabetic hypertension patients. Health Sci. J. 14(4), 1-6.
https://doi.org/10.36648/1791-809X.14.4.728 (2020).

Scientific Reports |

(2021) 11:17565 | https://doi.org/10.1038/s41598-021-96652-6 nature portfolio


https://doi.org/10.5935/0101-2800.20140012
https://doi.org/10.1161/JAHA.116.003245
https://doi.org/10.1136/bmjopen-2014-007429
https://doi.org/10.1001/archinte.167.14.1545
https://doi.org/10.1016/S0140-6736(20)30045-3
https://doi.org/10.1590/2175-8239-jbn-2018-0178
https://doi.org/10.2147/DMSO.S223929
https://doi.org/10.1590/S1415-52732012000200009
https://doi.org/10.36648/1791-809X.14.4.728

www.nature.com/scientificreports/

15. Barzilay, J. L et al. The relationship of cardiovascular risk factors to microalbuminuria in older adults with or without diabetes
mellitus or hypertension: The cardiovascular health study. Am. J. Kidney Dis. 44(1), 25-34 (2004).

16. Xu, B. et al. Low-grade albuminuria is associated with peripheral artery disease in Chinese diabetic patients. Atherosclerosis 232(2),
285-288. https://doi.org/10.1016/j.atherosclerosis.2013.11.046 (2014).

17. Huang, L. et al. Low-grade albuminuria is associated with poor memory performance in the nondemented Chinese elderly with
type 2 diabetes. Metab. Brain Dis. 32(6), 1975-1981. https://doi.org/10.1007/s11011-017-0094-1 (2017).

18. Huang, L. et al. Low-grade albuminuria associated with brachial-ankle pulse wave velocity in young adults with type 2 diabetes
mellitus in China. Diab. Metab. Res. Rev. 31, 262-268. https://doi.org/10.1002/dmrr.2598 (2015).

19. Zivkovi¢, M., Tonjes, A., Baber, R., Wirkner, K. & Loeffler, M. Prevalence of moderately increased albuminuria among individuals
with normal HbA ¢ level but impaired glucose tolerance: Results from the LIFE-Adult-Study. Endocrinol. Diab. Metab. 1(4), 00030
(2018).

20. Pan, Q. et al. Metformin or acarbose treatment significantly reduced albuminuria in patients with newly diagnosed type 2 diabetes
mellitus and low-grade albuminuria. Med. Sci. Monit. 24, 8941-8949. https://doi.org/10.12659/MSM.911979 (2018).

21. Ruospo, M. et al. Glucose targets for preventing diabetic kidney disease and its progression. Cochrane Database Syst Rev. 6(6),
CD010137. https://doi.org/10.1002/14651858.CD010137.pub2 (2017).

Acknowledgements

The authors express gratitude to the researchers from the Laboratory of Studies in Health Planning and Manage-
ment (LabPlanGest) and from the University Teaching Innovation Program (PRODUS) at the Federal University
of Vigosa (UFV) who participated in the data collection and tabulation.

Author contributions

M.A.S.R.: a conceptualization, investigation, data curation, methodology, writing of the original draft, revision
and editing; E.S.F.: a investigation, writing of the original draft, review and editing; HH.D., D.S.S., CR.S.B.,
L.D.B,L.0.C.,and G.D.C, E.ES. and R.G.S: a review and editing; T.R.M.: a methodology, formal data analysis,
review and editing; R.M.M.C.: a creator and coordinator of the project and of the research, review, editing,
supervision and funding acquisition team. The authors declare that there are no conflicts of interest of any kind.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to E.d.E.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

ov License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2021

Scientific Reports |

(2021) 11:17565 | https://doi.org/10.1038/s41598-021-96652-6 nature portfolio


https://doi.org/10.1016/j.atherosclerosis.2013.11.046
https://doi.org/10.1007/s11011-017-0094-1
https://doi.org/10.1002/dmrr.2598
https://doi.org/10.12659/MSM.911979
https://doi.org/10.1002/14651858.CD010137.pub2
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Low-grade albuminuria in adult and elderly individuals with diabetes mellitus and arterial hypertension accompanied by Primary Health Care
	Methods
	Study design and population. 
	Data collection and measures. 
	Statistical analysis. 
	Ethical approval. 

	Results
	Characteristics of the participants. 
	Association of LGA with Hb1Ac and FPG. 
	Association of LGA with HbA1c levels. 

	Discussion
	Conclusions
	References
	Acknowledgements


