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Non-critical urinary cadmium excretion as a risk factor
associated with tubular markers of early kidney injury in
Central Mexico
Niveles no-críticos de excreción urinaria de cadmio como factor de
riesgo asociado con marcadores tubulares de daño renal temprano
en la región central de México

Dear Editor:
Cadmium (Cd) is an ubiquitous element in nature and high levels of Cd exposure is considered a risk factor for renal injury;
however, their nephrotoxic effects at low-environmental
exposure levels are debated.1,2
Cd accumulates in the proximal tubule renal cells where
inhibits the mitochondrial respiratory chain and this results
in mitochondrial dysfunction and free radical formation.3
Some of the urinary markers used to evaluate Cd
nephrotoxicity are N-acetyl-␤-d-glucosaminidase (NAG), ␣1microglobulin (␣1M), ␤2-microglobulin (␤2M) and the kidney
injury molecule (KIM-1).4 The aim of this study was to search
for the effects of urinary cadmium excretion on markers of
early renal injury in population living in suburban communities in central Mexico.
The study was done in 7 communities located close
to Queretaro city in Central Mexico; farming and agricultural practices are common but these areas are rounded by
manufacturing activities. We evaluated 90 voluntary healthy
subjects (≥20 years old), using a simple probabilistic sampling
procedure on every of the communities studied. Those with
current urinary tract infection, previous diagnosis of kidney
disease, liver disease, cancer, or other chronic disease, as well
as pregnant women were excluded.
A questionnaire was used to obtain information on personal health history, and risk factors to Cd exposure. Blood
pressure measurements were obtained with an aneroid sphygmomanometer after a 5 min resting in sitting position, and
blood samples were taken after a fasting ≥8 h during the same
visit.
GFR was calculated with the CKD-Epi formula and spot
urine samples for albumin, ␣1-microglobulin and cadmium

analysis were collected in cadmium-free containers. Albumin
and ␣1M were creatinine adjusted.
Cd measurements were done at the Department of Environmental Toxicology Laboratory (San Luis Potosi Medical School);
and quantification was carried out with a Perkin-Elmer 3110
atomic absorption spectrometer.5
We categorized urinary Cd excretion in two groups according to CdU excretion and multivariate analysis was performed
to identify risk factors for high Cd levels, albuminuria and
higher urinary ␣1M. A p value ≤0.05 was considered as statistically significant and data were analyzed using the SPSS
23.0 software.
The overall analysis included 90 adults with no antecedent
of occupational exposure to Cd, 66.6% of all participants were
women and the mean age was 41 ± 12 years; CdU median levels were 0.37 ± 0.41 g/gCr and few patients (n = 3) had CdU
≥1 g/gCr.
Those subjects with CdU ≥ 0.37 g/gCr had higher levels
of ␣1M (9.4 ± 9 vs 3.2 ± 4 g/gCr, p = 0.001) and albumin excretion (13.1 ± 24 vs 3.9 ± 2.5 g/gCr, p = 0.001). Those patients with
higher CdU excretion had a higher risk for ␣1M ≥ 10 (OR 5.0,
CI95 1.4–18.6, p = 0.01) and micro-albuminuria (OR 20, CI95
1.0–39, p = 0.04).
In multivariate analysis, CdU was the most important risk
factor associated with higher ␣1M excretion and albuminuria
after adjustments for age, BMI, smoking status, blood pressure, lead concentration and GFR.
In non-smoking subjects, those with CdU ≥ 0.37 g/gCr had
higher urinary excretion of ␣1M (7.5 ± 7.2 vs 3.3 ± 4.7 g/gCr,
p = 0.002) and albumin (11.1 ± 18 vs 3.9 ± 2.5 g/gCr, p = 0.003);
CdU was associated with a higher risk for ␣1M ≥ 10 g/gCr (OR
4.1, CI95 1.1–19, p = 0.03), and CdU was the most important
factor associated with higher ␣1M excretion.
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Table 1 – Comparison of demographic and laboratory
characteristics according to CdU excretion.

Age (years)
Females (%)
Smokers (%)
BMI (kg/m2 )
SBP (mmHg)
DBP (mmHg)
␣1M (g/gCr)
AUE (g/gCr)
Pb
Glucose (mg/dl)
Urea (mg/dl)
Creatinine (mg/dl)
eGFR (ml/min)
Uric acid (mg/dl)

Cd < 0.37 (g/gCr)
n = 64

Cd > 37 (g/gCr)
n = 26

p

40 ± 12
78
12
27.1 ± 4.6
112 ± 14
74 ± 7
3.2 ± 4.4
4±2
5.4 ± 2.7
92 ± 9.3
28 ± 6.6
0.86 ± 0.17
82 ± 18
4.3 ± 1.3

43 ± 14
77
27
28.8 ± 5.5
122 ± 20
78 ± 8
9.4 ± 9.8
13.1 ± 2.4
6.6 ± 4.0
92 ± 9.8
28 ± 8.8
0.83 ± 0.18
85 ± 23
4.6 ± 1.7

NS
NS
0.04
NS
0.003
0.007
0.000
0.01
NS
NS
NS
NS
NS
NS

BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic
blood pressure; ␣1M: ␣1-microglobuline; AUE: albumin urinary
excretion; GFR: glomerular filtration rate.
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environmental levels and of reliable epidemiological data
about the prevalence of low GFR in the communities studied.
In conclusion, our study shows that non-critical Cd excretion is a risk factor associated with an increased excretion of
markers of tubular injury and further work need to be done
to test Cd as a possible toxin in the occurrence of CKD of
unknown etiology in Mexico (Tables 1–2).
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Table 2 – Multivariate analysis of variables associated
with ␣1M and albumin urinary excretion.
AUE

␣1M

Age
BMI
GFR
Glucose
CdU

ˇ

p

−0.172
−0.059
−0.184
0.094
0.381

0.02
0.42
0.01
0.20
0.000

Age
BMI
GFR
Glucose
CdU

ˇ

p

−0.111
0.065
−0.091
−0.057
0.472

0.11
0.36
0.19
0.41
0.000

␣1M: ␣1-microglobuline; AUE: albumin urinary excretion; BMI: body
mass index; GFR: glomerular filtration rate.
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Inflammation in hemodialysis and their correlation with
neutrophi-lymphocite ratio and platelet-lymphocyte ratio.夽
Inflamación en hemodiálisis y su correlación con los índices
neutrófilos/linfocitos y plaquetas/linfocitos

Dear Editor,
Cardiovascular disease (CD), the leading cause of death in
hemodialysis (HD) patients,1 is closely related to inflammation. C-reactive protein (CRP) and interleukin-6 (IL-6) reflect
inflammation and are associated with malnutrition and
atherosclerosis.2
Platelets are fundamental for hemostasis and also have a
role on inflammation and immunity3 since they interact with
the endothelium and cells of innate and acquired immunity.
During the last five years, the platelet/lymphocyte ratio
(PLR) and the neutrophil/lymphocyte ratio (NLR)4 have been
proposed as potential markers of inflammation. The NLR is
also related to systemic endothelial dysfunction.5 Both PLR
and NLR are easily obtained, however there is not much
research relating PLR and NLR with inflammation in HD.
The objectives of the present study were: (1) To compare
in 81 patients in HD with inflammation (PCR ≥10 mg/l) and
52 patients without inflammation (PCR ≤10 mg/l) the values
of Hemoglobin (Hb), red cell distribution width (RDW), total
lymphocyte count, total platelet count (TPC), mean platelet
volume (MPV), PLR and NLR; (2) To analyze these parameters in patients with/without diabetes mellitus type 2 (DM2)
and with/without inflammation; and (3) To determine the correlation between PLR and NLR with known biomarkers of
inflammation and nutrition (PCR, IL-6, transferrin, ferritin and
albumin).
The ethics and research committee approved the study.
The study was performed at the Instituto Mexicano del
Seguro Social in patients on HD for more that 3 months and
between 18 and 79 years of age. The study was prospective,

cross-sectional. Clinical history and laboratory tests were performed. Patients with infection or thrombocytopenia were
excluded.
Statistical analysis was performed using the SPSS® v. 20
in Spanish. Depending on the data distribution comparisons
were made using Student’s t or U of Mann–Whitney, ANOVA or
Kruskal–Wallis, Pearson or Spearman. Linear regression analysis was performed to identify independent factors associated
to inflammation. We consider a statistically significant difference a p < 0.05.
A total of 133 patients were included, 51.1% male. The
mean age was 45.86 ± 17.7 years, with a mean dialysis vintage
of 45.4 ± 38.4 months; body mass index (BMI) 23.9 ± 5 Kt/V of
1.3 ± 0.09. Diabetes mellitus type 2 in 32% and hypertension
in 78.9% of the patients. The main causes of end-stage renal
disease were unknown (38.3%) and DM2 (32.3%).
The mean NLR was 3.5 (range: 0.28–61.8) and PLR
173.35 ± 98.5 (range: 40.2–778.9).
As compared with patients with PCR <10 mg/l, those
with CRP >10 mg/l had increased levels of IL-6 (10.38 [range:
6.8–13.8 pg/ml] vs. 5.73 [range: 3.3–8.1 pg/ml]). The RDW were
(15.9 ± 12.2 vs. 14.7 ± 1.7.7%), total leukocytes (6.31 ± 1.75 vs.
5.38 ± 1.56 × 103 /l), PLR (189.8 ± 114.4 vs. 149 ± 61, p < 0.05),
NLR (3.53 (range: 0.3–28) vs. 2.41 (range: 0.28–7.58), p = 0.005),
total number of neutrophils (4.0 ± 1.4 vs. 3.1 ± 1.36 × 103 /l,
p = 0.001).
The number of lymphocytes and Hb level were comparatively lower in the group with inflammation 1.48 ± 0.77
vs. 1.62 ± 0.93 × 103 /l (p = 0.52) and 9.7 ± 2.2 vs.10.3 ± 2 g/L
(p = 0.17), respectively. The MPV and number of platelets were
not significantly different between the two groups.
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