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A B S T R A C T

Background. Inflammation linked to diabetic kidney disease
(DKD) may affect white blood cell (WBC) counts and differen-
tials. We examined the cross-sectional associations of total WBC
count and WBC fractions with structural lesions of DKD in 108
Pima Indians with Type 2 diabetes who underwent research kid-
ney biopsies. We also examined the longitudinal association of
these WBC variables with renal function loss (RFL) in 941
Europeans with Type 2 diabetes from the SURDIAGENE study.
Methods. Associations of WBC variables with morphometric
parameters were assessed by linear regression. RFL was defined
as�40% loss of estimated glomerular filtration rate from base-
line. Associations with RFL were evaluated by Cox regression.
Hazard ratios (HRs) were reported per standard deviation in-
crement of each WBC variable.
Results. After multivariable adjustment, lymphocyte (r ¼�0.20,
P¼ 0.043) and eosinophil (r¼ 0.21, P¼ 0.032) fractions in the
Pima Indians correlated with glomerular basement membrane
width. Eosinophil fraction also correlated with glomerular filtration
surface density (r ¼�0.21, P¼ 0.031). Lymphocyte fraction
(r¼ 0.25, P¼ 0.013), neutrophil fraction (r ¼�0.23, P¼ 0.021)
and the neutrophil:lymphocyte ratio (r ¼�0.22, P¼ 0.024) corre-
lated with percentage of normally fenestrated endothelial cells.

During median follow-up of 4.5 years, 321 SURDIAGENE partici-
pants developed RFL. Lower lymphocyte fraction [HR¼ 0.67, 95%
confidence interval (95% CI) 0.60–0.76] and higher neutrophil
fraction (HR¼ 1.35, 95% CI 1.20–1.52), total WBC count
(HR¼ 1.20, 95% CI 1.08–1.35) and neutrophil:lymphocyte ratio
(HR¼ 1.44, 95% CI 1.28–1.62) each predicted RFL in this cohort.
Conclusions. WBC fractions associate with morphometric le-
sions of DKD and predict RFL in individuals with Type 2
diabetes.

Keywords: biomarkers, CKD, diabetic kidney disease, inflam-
mation, kidney biopsy

I N T R O D U C T I O N

Diabetic kidney disease (DKD) is a leading cause of end-stage
renal disease (ESRD) worldwide, and carries large human and
societal costs [1]. The growing list of inflammatory markers
associated with progressive kidney disease [2–6] suggests that
inflammation plays a key role in DKD development and pro-
gression. A complete white blood cell (WBC) count is a low
cost and widely available clinical test that reflects inflammation,
and WBC counts and fractions have been linked to diabetes
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and its vascular complications [7–9]. These findings are
thought to be related, at least in part, to the activation of WBCs
by advanced glycation end-products. These activated cells in
turn produce pro-inflammatory cytokines causing local tissue
damage [10–12].

This study evaluated the cross-sectional relationship of
WBCs with the underlying lesions of DKD in 108 Pima Indians
who underwent research kidney biopsies. Also assessed was the
predictive value of WBC variables for renal function loss (RFL)
in a French cohort from the SURDIAGENE study. The longitu-
dinal relationship with RFL was examined in SURDIAGENE
because of the small number of events during follow-up in the
Pima Indian cohort [13, 14].

M A T E R I A L S A N D M E T H O D S

Study subjects and design

A total of 169 Pima Indian adults with Type 2 diabetes from
the Gila River Indian Community participated in a 6-year
randomized clinical trial testing the renoprotective efficacy of
losartan versus placebo in early DKD (ClinicalTrials.gov num-
ber, NCT00340678). At the end of the trial, 111 participants
underwent a research kidney biopsy to determine whether
treatment was associated with preservation of kidney structure
[13]. Thereafter, participants continued to be followed with an-
nual measurements of glomerular filtration rate (GFR) [14].

For the present study, we selected the examination nearest to
the date of the biopsy that had complete WBC data and we
examined the associations between the WBC variables and kid-
ney morphometric measurements. Of the 111 individuals who
underwent biopsy, the 108 with complete WBCs and other rele-
vant covariate measurements were included in the present ana-
lyses. This study was approved by the Institutional Review
Board of the National Institute of Diabetes and Digestive and
Kidney Diseases. Each participant signed an informed consent
document.

SURDIAGENE is a French single-center prospective cohort
of patients with Type 2 diabetes who regularly visit the diabetes
department at Poitiers University Hospital, Poitiers, France
[15]. Patients were enrolled from 2002 to 2012. At baseline,
1468 patients were examined. Not all participants had a com-
plete blood count at that visit, so the nearest available measure-
ment was selected. A subset of the cohort (n¼ 941), with
complete WBCs and other relevant covariate data, who also
had subsequent visits were included in the present study. All
but 31 (3.4%) of the participants in this cohort were
Caucasians. Kidney function and vital status of all
SURDIAGENE participants was confirmed through 31
December 2013. The Poitiers University Hospital Ethics
Committee approved the study. Each participant signed an in-
formed consent document.

Clinical and anthropometric measures

In both cohorts, five different subpopulations of WBCs were
quantified; lymphocytes, neutrophils, monocytes, eosinophils
and basophils. Participants were afebrile and free of acute illness
at the time of examination, and all had a total WBC count

within the normal range (3500–10 500 cells/mm3 in the Pima
Indians and 4000–10 000 cells/mm3 in SURDIAGENE). Blood
pressure was measured in both cohorts while subjects were
seated; mean arterial pressure (MAP) was calculated as
(2� diastolic blood pressureþ systolic blood pressure)/3.
HbA1c was measured by high-performance liquid chromatog-
raphy (HPLC). Iothalamate concentration for GFR determin-
ation in the Pima Indians was also measured by HPLC [16].
GFR was estimated by the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation [17] in both
cohorts. Urine albumin concentration was measured in both
cohorts by immunoassay and serum/urine creatinine by a
modified Jaffé reaction [18, 19]. Albumin excretion was as-
sessed by the albumin:creatinine ratio (ACR). Urine albumin
concentrations below the detection limits of the assays were set
to those limits when computing ACR. Smoking data available
in the SURDIAGENE cohort was reported as active smoker or
non-smoker at the time of the research examination.

Morphometry of DKD

Kidney structural parameters, measured using quantitative
morphometric methods [14, 20], included mean glomerular
volume, glomerular basement membrane (GBM) width,
mesangial fractional volume, glomerular filtration surface dens-
ity, total filtration surface per glomerulus, cortical interstitial
fractional volume, percent globally sclerotic glomeruli, number
of podocytes per glomerulus, podocyte foot process width, per-
cent podocyte detachment and percentage of normally fenes-
trated endothelium [14, 21–24]. An equation was used to
calculate the percentage of sclerotic glomeruli [25]. An aver-
age 6 standard deviation (SD) of 15 6 6 glomeruli per biopsy
were examined by light microscopy and 3 6 1 by electron mi-
croscopy for the morphometric measurements.

Circulating WBCs within glomerular capillaries were identi-
fied and counted in electron microscopy images by a masked
observer in 11 participants with few glomerular lesions and 9
with severe lesions. The number of WBCs per glomerular pro-
file was divided by the number of glomerular capillary profiles,
and the average count per biopsy was calculated. Participants
with few glomerular lesions were selected from those in the low-
est quartile of GBM width and highest quartile of glomerular
filtration surface density and endothelial fenestration.
Participants with severe lesions were selected from those in the
highest quartile of GBM width and lowest quartile of glomeru-
lar filtration surface density and endothelial fenestration.

Statistical analyses

Data are presented as mean 6 SD or median [interquartile
range (IQR)]. Seven WBC variables were included in the
analyses: total WBC count, lymphocyte fraction, neutrophil
fraction, monocyte fraction, basophil fraction, eosinophil
fraction and the neutrophil:lymphocyte ratio. Associations of
WBC variables with clinical and morphometric measures were
examined by Pearson correlations. Variables with non-normal
distributions were either log2 or rank transformed, whichever
was appropriate. WBCs and morphometric variables were
standardized in all regression analyses. A rank transformation
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itself produces a standardized variable, but those that were not
transformed or underwent log2 transformation were subse-
quently standardized for analysis. Stability of the WBC meas-
urements over time was assessed by Pearson correlations
between two sets of measurements in subsets of participants from
both cohorts in whom repeat measurements were available.

Linear regression models were used to examine the associ-
ation between WBCs and the morphometric variables adjusted
for sex, treatment assignment during the clinical trial and base-
line age, diabetes duration, HbA1c, MAP and GFR. ACR was
not included in these models because it is highly correlated with
the underlying structural lesions. Treatment assignment was
included as this was an important exposure in the 6 years lead-
ing up to the present study. Regression model fit was assessed
for normality and leverage with ‘Studentized’ residuals.
Multicollinearity was assessed with eigenvalues and the condi-
tion index [26]. Each WBC variable was also tested for inter-
action with treatment assignment. Associations between WBCs
and morphometric variables were illustrated by partial Pearson
correlation coefficients.

Cox proportional hazards regression was used to examine
the relationship between the baseline WBC variables and RFL,
defined by a decline in estimated GFR during follow-up
of�40% [27]. We reported previously that structural lesions

strongly predicted this outcome [28]. Hazard ratios (HRs) were
expressed for a 1 SD increment in the distribution of each WBC
variable. Two models were described: (i) univariate and (ii) ad-
justed for age, sex, duration of diabetes, HbA1c, MAP, GFR and
log2 ACR. The proportionality assumption for each covariate
was assessed by the cumulative sums of Martingale residuals
[29]. To assess the extent to which WBC variables enhanced
prediction of RFL, generalized c-statistics were calculated for
the fully adjusted models accounting for variable follow-up
times [30]. Comparisons between nested models that included
or excluded the analyte of interest were assessed by likelihood
ratios tests [31, 32]. In addition, relative integrated discrimin-
ation improvement (rIDI) was calculated to assess the improve-
ment in the 5-year RFL risk prediction of each WBC variable in
addition to traditional DKD risk factors [33]; the 5-year risk
was selected as it approximates the median follow-up time for
the RFL outcome. The 95% CIs for the rIDIs were computed
based on 1000 bootstrap samples.

R E S U L T S

Table 1 shows the clinical characteristics of the Pima Indian co-
hort at the research examination closest to the kidney biopsy
and the SURDIAGENE cohort at baseline. SURDIAGENE

Table 1. Baseline characteristics in the Pima Indian and SURDIAGENE cohorts

Pima Indian cohort (n ¼108) SURDIAGENE cohort (n¼941)

Clinical measures
Age (years) 45.6 6 10.0 64.1 6 10.6
Sex (male), n (%) 28 (26%) 397 (42%)
Diabetes treatment, n (%) 96 (89%) 903 (96%)
Antihypertensive treatment, n (%) 62 (57%) 783 (83%)
Lipid-lowering treatment, n (%) 27 (25%) 566 (60%)
Treatment assignment (losartan versus placebo), n (%) 61 (56%)
Diabetes duration (years) 14.0 (11.3–19.7) 12 (6–20)a

HbA1c (%)
Percentage 9.5 6 2.2 7.9 6 1.6
mmol/mol 80 6 24 63 6 18

Blood pressure (mmHg)
Systolic 124 6 16 132 6 17
Diastolic 78 6 9 73 6 11

GFR
Measured (mL/min) 145 6 52
Measured (mL/min/1.73 m2) 126 6 43
Estimated (mL/min/1.73 m2) 108 6 25 76 6 21

Urine ACR (mg/g) 27 (10–127) 20 (9–85)
Serum creatinine concentration (mg/dL) 0.73 6 0.21 0.98 6 0.27

Complete blood count measures
WBC count (cell/mm3) 6925 (5940–8100) 6900 (5800–8000)
Lymphocyte count (cell/mm3) 1986 (1545–2374) 1911 (1448–2353)
Lymphocyte fraction (%) 29.7 (23.8–33.5) 28.5 (22.4–33.9)
Neutrophil count (cell/mm3) 4093 (3424–4902) 4092 (3247–5104)
Neutrophil fraction (%) 60.2 (55.2–65.3) 60.7 (54.0–66.7)
Monocyte count (cell/mm3) 465 (390–554) 485 (387–594)
Monocyte fraction (%) 6.5 (5.8–7.7) 7.2 (5.9–8.6)
Eosinophil count (cell/mm3) 172 (118–261) 172 (110–258)
Eosinophil fraction (%) 2.5 (1.7–3.8) 2.5 (1.7–3.8)
Basophil count (cell/mm3) 53 (38–66) 30 (20–43)
Basophil fraction (%) 0.7 (0.5–0.9) 0.4 (0.3–0.6)
Neutrophil:lymphocyte ratio 2.00 (1.66–2.77) 2.11 (1.60–2.97)

Data are given as mean 6 SD or median (IQR) unless otherwise indicated.
aDuration reported to the nearest full year in the SURDIAGENE cohort.
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participants were older, and had better glycemic control and
lower estimated GFR than the Pima Indian cohort (76 6 21 ver-
sus 108 6 25 mL/min/1.73 m2). The median time between the
research examination at which the WBC count was measured
and the kidney biopsy in the Pima Indians was 0.2 years
(IQR¼ 0.09–0.4 years); 795 SURDIAGENE participants had a
WBC count measured apart from the baseline examination, so
the median time between the baseline examination and WBC
measurement was 1.6 years (IQR¼ 0.2–2.9 years).

Stability of the WBC measurements was examined by
Pearson correlations between WBC variables measured at two
separate times in subsets from each cohort. WBC counts meas-
ured twice over a median of 0.52 years (IQR¼ 0.13–0.96 years)
in 96 (89%) of the Pima Indians were correlated (r¼ 0.64,
P< 0.001), as were lymphocyte (r¼ 0.54, P< 0.001), neutro-
phil (r¼ 0.39, P< 0.001), monocyte (r¼ 0.66, P< 0.001), eo-
sinophil (r¼ 0.56, P< 0.001) and basophil (r¼ 0.40, P< 0.001)
fractions in the subset of 95 Pima Indians with data for the
WBC fractions at both measurements. Similarly, WBC counts
measured twice over a median of 0.60 years (IQR¼ 0.24–0.86)
in 487 persons (52%) from the SURDIAGENE cohort were cor-
related (r¼ 0.41, P< 0.001), as were lymphocyte (r¼ 0.60,
P< 0.001), neutrophil (r¼ 0.53, P< 0.001), monocyte
(r¼ 0.49, P< 0.001), eosinophil (r¼ 0.79, P< 0.001) and baso-
phil (r¼ 0.36, P< 0.001) fractions.

Pearson correlations of WBC variables with clinical char-
acteristics in both cohorts are shown in Supplementary data,
Table S1. None of the WBC variables correlated significantly
with fasting plasma glucose concentration, HbA1c or GFR in
the Pima Indians, but lymphocyte fraction correlated nega-
tively with ACR. Except for a small but statistically significant
correlation between basophil fraction and treatment with a
diabetes medicine (r¼ 0.19, P¼ 0.046), WBC variables did
not correlate with diabetes, antihypertensive or lipid lowering
treatment, or with treatment assignment during the clinical
trial preceding the kidney biopsy in the Pima Indians.
Similarly, in the SURDIAGENE cohort, none of the WBC
variables correlated with random plasma glucose concentra-
tion in the 421 participants with available glucose data.
Several small but statistically significant correlations (ranging
from �0.12 to 0.16) between some WBC variables and smok-
ing or treatment with diabetes, lipid lowering or antihyper-
tensive medicines were also found. Lymphocyte fraction
correlated negatively with ACR, and positively with esti-
mated GFR. In addition, neutrophil fraction, monocyte frac-
tion and the neutrophil:lymphocyte ratio correlated
negatively with estimated GFR, and neutrophil fraction and
the neutrophil:lymphocyte ratio correlated positively with
ACR. Lymphocyte fraction correlated negatively, and mono-
cyte and basophil fractions correlated positively with serum
creatinine concentration in both cohorts. When we examined
the correlation between WBCs and estimated GFR in the
Pima Indians, lymphocyte fraction correlated positively and
monocyte, eosinophil and basophil fractions, and the neutro-
phil:lymphocyte ratio correlated negatively with estimated
GFR (data not shown). These findings suggest that the WBC
correlations with estimated GFR in the two cohorts were

attributable largely to their correlations with serum creatin-
ine concentration, as there were no statistically significant
correlations with measured GFR in the Pima Indians.

Morphometric parameters in the Pima Indians are shown
in Table 2. Univariate Pearson correlations of WBC variables
with morphometric parameters in the Pima Indians are
shown in Supplementary data, Table S2. After adjustment
for age, sex, diabetes duration, HbA1c, MAP, GFR and treat-
ment assignment during the clinical trial, five of the eight
statistically significant univariate correlations remained
(Table 3). Lymphocyte fraction correlated positively, and
neutrophil fraction and the neutrophil:lymphocyte ratio cor-
related negatively with the percentage of normally fenes-
trated endothelium. Lymphocyte fraction correlated
negatively with GBM width, and eosinophil fraction corre-
lated negatively with the glomerular filtration surface dens-
ity. In addition, after adjustment for potential confounders,
eosinophil fraction also correlated positively with GBM
width. For illustration, partial residual regression plots of the
adjusted relationship of the lymphocyte fraction, neutrophil
fraction and neutrophil:lymphocyte ratio with the percent-
age of fenestrated endothelium are shown in Figure 1. When
the analysis was restricted to the 100 participants in whom
the WBCs were measured within 1 year of the baseline exam-
ination, statistically significant correlations remained be-
tween lymphocyte and neutrophil fractions and the
percentage of normally fenestrated endothelium, and be-
tween eosinophil fraction and GBM width or glomerular fil-
tration surface density (data not shown). In addition,
eosinophil fraction correlated inversely with total filtration
surface per glomerulus.

A significant interaction with treatment assignment was
found in the relationship between monocyte fraction and cor-
tical interstitial fractional volume, mesangial fractional volume
and podocyte number per glomerulus. When analyzed separ-
ately by treatment assignment, monocyte fraction correlated
positively with podocyte number per glomerulus in those who
were randomized to receive placebo during the clinical trial
(r¼ 0.35, P¼ 0.025), but not in those who were randomized to
receive losartan (r ¼�0.17, P¼ 0.217). Conversely, monocyte
fraction correlated positively with cortical interstitial fractional

Table 2. Morphometric parameters in the Pima Indian cohort

Morphometric parameters

Global glomerular sclerosis (%) 5.2 (0.0–17.2)
Mean glomerular volume (�106mm3) 5.7 (4.8–6.9)
Glomerular basement membrane width (nm) 508 (420–603)
Cortical interstitial fractional volume (%) 29.5 (24.4–33.1)
Mesangial fractional volume (%) 18.3 (14.2–24.6)
Glomerular filtration surface density (mm2/mm3) 0.07 (0.06–0.09)
Total filtration surface/glomerulus (�105 mm2) 4.0 (3.2–5.2)
Podocyte number per glomerulus 615 (473–775)
Foot process width (nm) 453 (405–524)
Podocyte detachment (%) 0.30 (0.00–1.12)
Fenestrated endothelium (%) 26.2 (21.8–31.6)

Data are given as median (IQR).
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volume (r¼ 0.29, P¼ 0.034) and mesangial fractional volume
(r¼ 0.33, P¼ 0.013) in those randomized to receive losartan
but not in those who received placebo (r ¼�0.05, P¼ 0.768
for cortical interstitial fractional volume; r ¼�0.03, P¼ 0.845
for mesangial fractional volume).

Partial correlations between differential counts (rather than
fractions) and the morphometric parameters after additional
adjustment for total WBC count are shown in Supplementary
data, Table S3. Lymphocyte count correlated positively with the
percentage of normally fenestrated endothelium and negatively
with GBM width.

The number of WBCs per glomerular capillary profile in the
subset of nine participants with the most severe structural in-
jury (0.08 6 0.02) was 2.7 times as high as in the 11 participants
with the least structural injury (0.03 6 0.02, P< 0.001). The
correlation between the number of WBCs per glomerular capil-
lary and the total WBC count was not statistically significant
(r ¼�0.03, P¼ 0.900), suggesting that the increased number
of WBCs per glomerular capillary was not related to increased
numbers of circulating WBCs. We frequently observed leuko-
cyte projections touching endothelial cells within the glomeru-
lar capillary in the electron microscopy images, suggesting
signaling between these two cell types (Figure 2).

In the SURDIAGENE cohort, baseline WBC parameters
were assessed as predictive variables for follow-up RFL. During
median follow-up of 4.5 years (IQR¼ 2.6–7.4 years), 321 indi-
viduals developed RFL. After adjustment for age, sex, diabetes

duration, HbA1c, MAP, GFR and ACR, total WBC count
(HR¼ 1.20, 95% CI 1.08–1.35), lymphocyte fraction
(HR¼ 0.67, 95% CI 0.60–0.76), neutrophil fraction (HR¼ 1.35,
95% CI 1.20–1.52) and the neutrophil:lymphocyte ratio
(HR¼ 1.44, 95% CI 1.28–1.62) were each associated with RFL
(Table 4). The c-statistic for the fully adjusted model predicting
RFL was 0.707 when it did not include a WBC variable. The
addition of the lymphocyte fraction increased the c-statistic to
0.728 (likelihood ratio test P< 0.001, rIDI 23.4%, 95% CI 7.6–
44.0); the addition of the neutrophil fraction increased the c-
statistic to 0.717 (likelihood ratio test P< 0.001, rIDI 14.9%,
95% CI 3.6–29.8); and the addition of the neutrophil:lympho-
cyte ratio increased the c-statistic to 0.725 (likelihood ratio test
P< 0.001, rIDI 20.1%, 95% CI 6.0–37.7). Associations of differ-
ential counts (rather than fractions) and the neutro-
phil:lymphocyte ratio after additional adjustment for total
WBC count are shown in Supplementary data, Table S4.
Statistically significant relationships of lymphocytes and neu-
trophils with RFL were present with both fractions and counts,
and the relationship between the neutrophil:lymphocyte ratio
and RFL was largely unchanged when adjusted additionally for
total WBC count. Conclusions were unchanged when analysis
was restricted to the 346 individuals in whom the WBC count
was measured within 1 year of the baseline examination. When
restricted to the 910 Caucasians in the SURDIAGENE cohort,
the relationship between total WBC count and RFL in the fully
adjusted model was no longer statistically significant

Table 3. Pearson correlations of WBC variables with morphometric variables adjusted for age, sex, treatment assignment, duration of diabetes, HbA1c,
MAP and GFR

Morphometric variables WBC
count

Lymphocyte
fraction

Neutrophil
fraction

Monocyte
fraction

Eosinophil
fraction

Basophil
fraction

NLR

Global glomerular sclerosis 0.01 �0.06 0.04 0.12 0.07 �0.03 0.05
0.896 0.536 0.700 0.225 0.503 0.782 0.630

Mean glomerular volume �0.01 �0.14 0.10 0.09 0.05 �0.01 0.13
0.930 0.150 0.317 0.351 0.590 0.896 0.185

GBM width �0.02 20.20 0.09 0.17 0.21 �0.08 0.15
0.878 0.043 0.385 0.081 0.032 0.433 0.142

Cortical interstitial fractional volume �0.08 0.05 �0.05 0.14 0.06 0.00 �0.07
0.452 0.599 0.595 0.167 0.577 0.978 0.492

Mesangial fractional volume �0.02 �0.11 0.05 0.16 0.14 �0.11 0.07
0.842 0.264 0.644 0.103 0.174 0.294 0.500

Glomerular filtration surface density 0.01 0.01 0.05 �0.11 20.21 �0.00 0.03
0.927 0.949 0.624 0.276 0.031 0.975 0.735

Total filtration surface/glomerulus �0.03 �0.09 0.12 �0.04 �0.16 �0.03 0.12
0.752 0.361 0.222 0.687 0.116 0.737 0.234

Podocyte number per glomerulus �0.07 �0.001 �0.05 0.05 0.09 0.05 0.00
0.511 0.955 0.626 0.643 0.363 0.635 1.000

Foot process width 0.03 �0.18 0.12 0.10 0.00 �0.02 0.16
0.756 0.072 0.232 0.332 0.978 0.845 0.109

Podocyte detachment �0.02 0.12 �0.15 �0.10 0.18 0.11 �0.15
0.820 0.232 0.123 0.317 0.075 0.272 0.140

Fenestrated endothelium �0.17 0.25 20.23 �0.06 �0.02 0.10 20.22
0.095 0.013 0.021 0.550 0.873 0.322 0.024

The correlation is shown on top, and the P-value below. Statistically significant correlations (P< 0.05) are shown in bold. NLR¼ neutrophil:lymphocyte ratio.
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(HR¼ 1.10, 95% CI 0.98–1.23), but the overall conclusions
were otherwise unchanged.

D I S C U S S I O N

Several WBC fractions and the neutrophil:lymphocyte ratio
are modestly but statistically significantly associated with
DKD lesions in Pima Indians with Type 2 diabetes.
Specifically, lower lymphocyte fraction, higher neutrophil
fraction and higher neutrophil:lymphocyte ratio were each
associated with a lower percentage of endothelial fenestrations.
We and others reported previously that loss of endothelial fen-
estrae correlates with elevated albuminuria [22, 34], and the
percentage of normally fenestrated endothelium predicts RFL
in Pima Indians [28]. Further examination of a subset of

kidney biopsies suggested that extensive glomerular injury was
associated with increased numbers of WBCs per glomerular
capillary. These WBCs often had projections touching the
glomerular capillary endothelial cells, suggesting that signaling
may be occurring between them. The nature and impact of
this signaling is unknown, but may be important given the as-
sociation between the WBCs and the percentage of endothelial
fenestrations in this study. In addition, higher eosinophil frac-
tion and lower lymphocyte fraction were each associated with
higher GBM width, another structural parameter predicting
RFL in this population [28]. Separately, in the SURDIAGENE
cohort, total WBC count, lymphocyte and neutrophil fractions
and the neutrophil:lymphocyte ratio were each significantly
associated with RFL, even after ACR was included in the
multivariate analysis. Each of these WBC variables

FIGURE 1: Partial residual regression plots showing the relation-
ships of neutrophil and lymphocyte fractions and the neutro-
phil:lymphocyte ratio with the percentage of normally fenestrated
endothelium, adjusted for age, sex, diabetes duration, HbA1c, MAP,
GFR and treatment assignment during the clinical trial.

FIGURE 2: Peripheral glomerular capillaries from a Pima Indian
with Type 2 diabetes. In the upper panel, arrows point to projections
extending from the WBC to the adjacent endothelium within the
glomerular capillary lumen. Transmission electron micros-
copy�3000. P, podocyte foot processes; E, endothelial cell body; FE,
fenestrated endothelium; CL, capillary lumen. Complete image is
shown in the lower panel. Scale bar illustrates a length of 5 mm.
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significantly improved the accuracy of RFL prediction when
considered in addition to traditional renal risk factors. These
findings suggest that modest differences in several WBC frac-
tions reflect and may contribute to the underlying tissue injury
that leads to progressive GFR loss in DKD.

Higher total WBC counts are associated with the develop-
ment of and the microvascular and macrovascular complica-
tions that accompany Type 2 diabetes [7, 8, 35]. In a
cross-sectional study of 1480 Chinese persons with Type 2 dia-
betes [35], participants in the highest versus the lowest quartile
of WBC counts had a 4.2-fold increased odds of DKD, defined
by an ACR�30 or a serum creatinine concentration>1.5 mg/
dL. In addition, participants in the highest quartile of neutro-
phil counts had a 5.5-fold increased odds and those in the high-
est quartile of monocyte counts had a 3.5-fold increased odds of
DKD. On the other hand, lower lymphocyte counts were associ-
ated with higher risk of DKD (odds ratio of highest versus low-
est quartile¼ 0.6). Although there was no relationship with
eosinophil counts after adjustment for potential confounders,
eosinophils may play an important role in DKD. In 783
Japanese persons with Type 2 diabetes, eosinophil counts were
associated with albumin excretion rate in men [36]. Moreover,
aggregates of interstitial eosinophils were more common in kid-
ney biopsies in persons with DKD than in other types of kidney
disease, including allergic interstitial nephritis, and these inter-
stitial eosinophilic aggregates were associated with more inter-
stitial fibrosis and tubular atrophy [37].

In a longitudinal study of 1 594 700 veterans in the USA
(28.6% with diabetes), higher baseline monocyte counts in the
peripheral blood were associated with higher risk of incident
chronic kidney disease (estimated GFR<60 mL/min/1.73 m2)
and ESRD during median follow-up of 9.2 years [38]. In the kid-
neys, monocytes may become activated macrophages secreting
pro-inflammatory factors such as tumor necrosis factor a
(TNFa), interluekin-1, interleukin-6 and reactive oxygen species
[39], which may contribute to this observation. Relationships be-
tween monocyte fraction and structural parameters in the

present study were influenced by the study treatment during the
6-year trial that preceded the kidney biopsy. We found no rela-
tionship between monocyte fractions and RFL.

We examined the relationships of cell fractions rather than
cell counts with morphometric variables and RFL in the present
study, because the fractions include information about the rela-
tive abundance of each leukocyte species. In the Supplementary
tables, we have also reported relationships with WBC counts.
Whereas the relationship of counts and fractions with RFL were
consistent, fractions were more strongly associated with the mor-
phometric variables. We also evaluated the neutrophil:lympho-
cyte ratio, as this ratio may also be a better predictor of
inflammation than counts alone [40]. Factors such as the level of
hydration or the handling of blood samples may affect the abso-
lute counts more than either the fractions or the ratio. In add-
ition, the neutrophil:lymphocyte ratio integrates non-specific
inflammation marked by elevated neutrophils with signs of
physiological stress indicated by lymphopenia. Indeed, the neu-
trophil:lymphocyte ratio is the strongest WBC predictor of ad-
verse outcomes in coronary artery syndromes [41]. In DKD, the
neutrophil:lymphocyte ratio was associated with 24-h urine pro-
tein and albumin excretion in 80 Turkish patients with newly
diagnosed Type 2 diabetes [42], and correlated positively with the
presence of microalbuminuria and inversely with the estimated
GFR in 114 Turkish patients with Type 2 diabetes of longer dur-
ation [43]. In our study, the neutrophil:lymphocyte ratio was
associated with structural lesions of DKD and with progressive
GFR loss that occurs in the presence of those lesions.

Strengths of this study include the availability of research
kidney biopsies and the morphometric methods used to assess
kidney structure. Demonstrating relationships between WBC
fractions and RFL in a separate cohort provides independent
confirmation for WBCs’ role in progressive DKD, and the con-
sistency of the findings across racial groups suggest these results
can be generalized. Weaknesses include the cross-sectional
morphometric analysis, which precludes assessment of predict-
ive associations between WBCs and kidney structure. The

Table 4. Unadjusted and multivariable Cox models are shown for the association of the total WBC count, differential fractions and the neutrophil:lympho-
cyte ratio with�40% decline in estimated GFR from the baseline value in the SURDIAGENE cohort

Variable Unadjusted Adjusted c-Statistic
with
WBC

Difference
in c-Statistic
(95% CI)

Likelihood
ratio
P-value

rIDI (95% CI) P-value
for rIDI

HR
(95% CI)

P-value HR
(95% CI)

P-value

Total WBC
count

1.18 (1.05–1.31) 0.004 1.15 (1.02–1.28) 0.018 0.710 0.003 (0.003–0.004) 0.026 0.038 (0.000–0.136) 0.054

Lymphocyte
fraction

0.61 (0.54–0.68) <0.001 0.71 (0.63–0.80) <0.001 0.728 0.021 (0.020–0.021) <0.001 0.234 (0.076–0.440) <0.001

Neutrophil
fraction

1.47 (1.32–1.65) <0.001 1.30 (1.16–1.46) <0.001 0.717 0.011 (0.011–0.011) <0.001 0.149 (0.036–0.298) <0.001

Monocyte
fraction

1.15 (1.03–1.30) 0.017 1.08 (0.96–1.23) 0.203 0.709 0.003 (0.002–0.003) 0.131 0.009 (�0.001–0.082) 0.452

Eosinophil
fraction

0.94 (0.84–1.05) 0.287 0.92 (0.82–1.03) 0.126 0.707 0.000 (0.000–0.000) 0.155 0.015 (�0.001–0.081) 0.250

Basophil
fraction

0.95 (0.84–1.06) 0.348 0.93 (0.83–1.04) 0.217 0.707 0.000 (0.000–0.001) 0.260 0.001 (�0.007–0.050) 0.942

NLR 1.59 (1.42–1.78) <0.001 1.38 (1.23–1.55) <0.001 0.725 0.018 (0.018–0.018) <0.001 0.201 (0.060–0.377) <0.001

The multivariable model was adjusted for age, sex, diabetes duration, HbA1c, MAP, estimated GFR and ACR. The HRs are given for a 1 SD difference in each white cell variable.
C-statistic, P-value for the likelihood ratio test and the 5-year rIDI for prediction of RFL from the fully adjusted Cox models are shown with and without each white cell variable.
NLR¼neutrophil:lymphocyte ratio.
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relatively small cohort and loss to follow-up from progressive
kidney disease limited more robust examination of relation-
ships between WBCs and RFL in the Pima Indians. Although
we do not have complete data for measurements of other
pro-inflammatory markers in these cohorts, a recent
SURDIAGENE study, including some participants from the
present study, found a relationship between elevated serum
TNF receptor 1 and RFL [44]. Moreover, the combination of
serum TNF receptor 1, N-terminal prohormone brain natri-
uretic peptide and midregional-proadrenomedullin, which
each may increase inflammation in certain settings, yielded the
strongest association with RFL [44]. In subsets of the present
Pima Indian cohort, we found that elevated serum TNF recep-
tors 1 and 2 [45] and advanced glycation end-products [46]
were associated with the structural determinants of RFL.
Together, these findings suggest a substantial role for inflam-
mation in the development of the structural lesions that ultim-
ately lead to progressive DKD.

Our findings are based on a single measurement of the WBC
variables in each cohort. Moreover, WBC measurements in the
Pima Indians were not performed at the time of the kidney biopsy,
but at an examination near the time of biopsy, and the median
interval between the baseline examination and measurement of
the WBC variables in the SURDIAGENE cohort was 1.6 years.
Hence, variability of these measurements may influence our find-
ings. Little is known about the stability of these measurements.
After normalizing for population variance, the average fluctuation
of WBC counts measured four times over 6 weeks in 45 patients
in a Canadian study was 4.2% [47]. In the Pima and
SURDIAGENE cohorts, correlations between WBC measure-
ments made a median of 0.52 and 0.60 years apart, respectively,
ranged from 0.39 to 0.66, suggesting modest stability of these
measures over time. We did not adjust for multiple comparisons
in our analyses because this was an exploratory study, and we
wanted to avoid masking relationships of potential interest. The
consistency of the neutrophil and lymphocyte relationships with
morphometric variables and with the risk of RFL across cohorts
provides some assurance against false-positive results.

In conclusion, a routine WBC count and differential provide
clinically relevant information about DKD risk in Pima Indians
and Caucasians with Type 2 diabetes. Lymphocytes and neutro-
phils, which together represent �90% of WBCs, had the stron-
gest associations with structural lesions of DKD and with RFL.
Neutrophil and lymphocyte fractions and the neutro-
phil:lymphocyte ratio each modestly but significantly improved
prediction of RFL over traditional risk factors. The value of
these WBC parameters may be enhanced by combining them
with other markers of inflammation, especially those localized
predominantly to the kidneys.
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