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Abstract
Background—Insulin resistance plays a role in diabetic kidney complications. The ectonucleotide
pyrophosphatase/phosphodiesterase (ENPP1) (rs1044498) K121Q polymorphism has been
associated with insulin resistance and related vascular complications among patients with type 2
diabetes (T2D), in many although not all studies. This study investigated whether the ENPP1 Q121
variant modulates the risk of reduced GFR in T2D.

Study design—Cross-sectional study.

Setting & Participants—Two Diabetes Units from Italy (Gargano e Padua) and one from the US
(Boston) recruited a total of 1392 patients with T2D.

Predictors—The ENPP1 Q121 variant.

Measurements—Estimated glomerular filtration rate (eGFR) from serum creatinine, urinary
albumin excretion, blood pressure, HbA1c, Triglycerides, Total cholesterol, HDL-Cholesterol

Outcomes—Reduced GFR levels (i.e. eGFR <60 ml/min/1.73m2).

Results—In the Gargano and Boston populations, according to dominant model of inheritance,
Q121 carriers (i.e. individual with either KQ or QQ genotype) had an increased risk of reduced GFR:
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ORs=1.69 (95%CI 1.1–2.6) and 1.50 (95%CI 1.0–2.2), respectively. In the Padua set the association
was in the same direction but didn’t reach a formal statistical significance (OR=1.77, 95%CI 0.7–
4.5). When the three studies were pooled, Q121 carriers showed and increased risk of reduced GFR
(OR=1.58, 95%CI 1.2–2.1, p=0.002). Also pooled mean differences of absolute GFR values were
different across genotype groups with Q121 carriers showing lower GFR, as compared to KK
individuals (p=0.04).

Limitations—p values not approaching a genome-wide level of significance.

Conclusions—Our data suggest that patients with T2D carrying the ENPP1 Q121 variant are at
increased risk of reduced GFR.
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Background
Chronic kidney disease (CKD) is a worldwide public health problem because of its devastating
adverse outcomes such as end stage renal disease (ESRD) and increased cardiovascular
morbidity and mortality (1–3). Several pieces of evidence indicate that, among patients with
type 2 diabetes (T2D), glomerular filtration rate (GFR) is heritable, suggesting that, in addition
to environmental factors, genetic determinants exert significant influences on this trait (4–5).

Insulin resistance and related metabolic abnormalities have been suggested to play a role in
renal damage in the general population and in diabetic patients as well (6–7). Since insulin
resistance is also under genetic control (8), the two traits might share common genetic
determinants. Membrane glycoprotein ENNP1 (also known as PC-1) inhibits insulin receptor
signalling and, when overexpressed, causes insulin resistance (9). It has been recently reported
that the ENPP1 K121Q polymorphism (i.e. rs1044498 A>C, with a minor allele frequency
varying from 13% in HapMap CEU to 93% in HapMap YRI), with Q121 being a gain of
function variant characterized by a stronger ability to inhibit insulin receptor signalling (10),
is associated with insulin resistance (11–16), T2D (17) and coronary artery disease (18–19).
Among patients with type 1 diabetes, several (20–21) although not all (22) studies have
indicated that the Q121 variant is associated with reduced renal function. In a small pilot study
we previously suggested a similar association also in T2D (23). Encouraged by these
preliminary results, in the present study, we sought to investigate, in three independent samples,
comprising altogether 1392 individuals, whether the Q121 variant confers an increased risk of
reduced GFR in T2D.

Research design and Methods
Study patients

We studied three independent samples of patients with T2D, World Health Organization
(WHO) criteria, two from Italy and one from Boston. Each sample was recruited according to
the Helsinki Declaration and study protocol was approved by the local Ethical Committees.
All participants provided written informed consent. Selection criteria and clinical features of
these three populations have already been published (7,23–24). Briefly, the first sample from
Italy consisted of 684 Whites with T2D who were consecutively recruited in the Gargano area
at the Scientific Institute “Casa Sollievo della Sofferenza” in San Giovanni Rotondo (Central
Italy). The inclusion criteria were diabetes diagnosed after age 30 years, absence of ketones at
diagnosis, and absence of clinically evident autoimmune disease. These criteria were chosen
to minimize the risk of including late-onset type 1 diabetic patients. Exclusion criteria were
non diabetic kidney disease, cancer, life-threatening diseases.
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Elevated urinary albumin excretion (UAE) was diagnosed when albumin/creatinine ratio
(ACR) was ≥ 2.5 mg/mmol in men and 3.5 mg/mmol in women; 208 (30%) patients had
elevated UAE. In this sample we also considered the presence of cardiovascular risk factors
strictly related to the metabolic syndrome (MS) such as arterial hypertension, dyslipidemia,
and abdominal obesity as previously reported (25). An individual MS-related score (MS-r
score) was assigned ranging from 0 (diabetes only) to 3 according to the presence of abdominal
obesity and/or dyslipidemia and/or arterial hypertension.

The second sample included 583 White with T2D, living in the Boston area, who were recruited
at the Joslin Diabetes Center, in Boston (MA, USA) for a study on the genetics of coronary
artery disease (CAD), a condition which was present in 244 (42%) patients (24). This
information was missing in the other two samples. In the Boston sample the CAD-positive
cases were recruited among patients with T2D who underwent cardiac catheterization at the
Beth Israel Deaconess Medical Center. CAD-negative controls were Joslin patients who were
aged 55 or older, had diabetes for 5 years or more, and had a negative cardiovascular history
and a normal exercise treadmill test.

The third sample, comprising 125 Whites with T2D and increased UAE rate living in Northeast
Italy, was recruited at the University of Padua (23). Inclusion criteria were as follows: ≤70
years of age, serum creatinine ≤2.4 mg/dl, persistent microalbuminuria or macroalbuminuria
and absence of non diabetic renal disease.

In the latter two samples, measurements of GFR and UAE rate have been simultaneously
performed, while no UAE measurement are available in the Boston sample.

In all three sets standardised serum creatinine was measured by the modified kinetic Jaffè
reaction. Estimated GFR (eGFR) was calculated with the 4-variable Modification Diet in Renal
Diseases (MDRD) Study equation (26) IDMS-traceable. Reduced GFR defined as eGFR <60
ml/min/1.73 m2. This value of GFR identifies patients with CKD stage 3–5 (27). Patients with
eGFR < and ≥ 60 ml/min/1.73 m2 were considered as cases and controls, respectively, in the
case-control study for reduced GFR. In the Gargano sample, 57/208 (27%) individuals with
albuminuria and 60/476 (13%) with normoalbuminuria had reduced GFR. As said before, all
individuals had albuminuria in the sample from Padua, whereas no data on UAE were available
from the Boston sample.

Genotyping
High–molecular weight DNA for genotyping was extracted from peripheral blood (5–10 ml)
by a proteinase K–phenol/chloroform standard method, resuspended in 10 mmol/l Tris- HCl,
pH 8.0, 1 mmol/l EDTA, and stored at 4°C. PCR technique, specific primers, and experimental
conditions used for genotyping with the AvaII restriction enzyme have been previously
described (11). The genotyping failure was <2%. Genotyping quality was checked by directly
sequencing 10% of randomly selected samples. The agreement rate of re-sequenced samples
was >99%. The ENPP1 K121Q genotype distribution was in Hardy-Weinberg equilibrium
within each sample (Gargano sample: χ2=3.51, p=0.06; Boston sample: χ2= 0.02, p=0.88;
Padua χ2= 0.05, p=0.82).

Statistical analysis
Data are reported as mean ± SD or median (range). Mean differences were compared by
unpaired Student’s t or 1-way ANOVA F-tests, as appropriate. Differences between categorical
variables were tested by Pearson’s χ2. The effect of the K121Q variant on the risk of reduced
GFR was evaluated by a multivariate logistic regression and expressed as Odds Ratios (ORs)
and 95% OR confidence intervals (CIs). The effect of the K121Q variant on absolute GFR
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values was assessed by a multivariate linear regression. Both the models were adjusted for the
following confounders: sex, age, duration of diabetes, HbA1c, hypertension and BMI.
Furthermore, a random-effects individual data meta-analysis was performed with generalized
hierarchical linear models to estimate both pooled GFR mean differences and pooled reduced
GFR risk between genotypes (28). The same set of confounders was considered. Between-
studies heterogeneity was assessed testing K121Q variant by study interaction. Considering
realistic a fifty percent increased risk of reduced GFR in patients carrying the Q121Q variant,
the size of sample studied allows us to detect such effect, with a power of 80% and a p < 0.05
which was considered as significant. All the analyses were performed using SPSS package
Version 13.0 (SPSS Inc., Chicago, IL, USA) and SAS Release 9.1 (SAS Institute, Cary, NC).

Results
Clinical features in each sample are shown in table 1, left panel. Right panel of table 1 indicates
that these features were not different across the three genotypes groups in any sample. EGFR
data are presented in table 2. The lowest mean GFR value in the Boston sample is very likely
justified by the fact that this set was enriched with individuals having clinical coronary artery
disease, a condition that is known to be associated with reduced GFR (29). Indeed, in this
sample GFR values were significantly lower in individuals with coronary artery disease than
in those without it (65±22 vs 74±19 ml/min/1.73m2, respectively; p<0.0001). When GFR
values were analyzed across genotype groups they tended to be lower in Q121 carriers in all
3 samples, (Table 2). Since no heterogeneity in the genetic effect was observed across the study
populations (p for heterogeneity=0.784) data from the three samples were then pooled and
meta-analysed. According to a dominant model of inheritance, Q121 carriers had significantly
(p=0.04) lower e-GFR as compared to KK individuals (Table 2).

The risk of reduced GFR is shown in Table 3. Similarly to what discussed about absolute GFR
levels, the different proportion of reduced GFR across the three samples is likely to be due to
the intrinsic nature of the Boston sample which is enriched by individuals with overt coronary
artery disease. In the Gargano set, according to a dominant model of inheritance, carriers of
the Q121 variant had increased risk of reduced GFR (table 3, Panel A). This association
remained significant (p=0.04 for all models) also after adjusting for potential confounders
which were not available in the other 2 samples, including either antihypertensive (p=0.04),
or renin-angiotensin system blockers (p=0.01), or anti-diabetic therapy (p=0.04) or smoking
habit (p=0.04). The association between the Q121 variant and kidney function was still
observed when the MS-r score was added in the multivariate model (p=0.04). In addition, no
interaction between Q121 variant and MS-r score was present (p=0.2) in modulating the risk
of reduced GFR.

A significant association between the Q121 variant and reduced GFR was also observed in the
second set from the Boston area (adjusted OR=1.50, 95% CI 1.0–2.2 (table 3, panel B). This
association remained significant (p=0.037) also after adjusting for the presence of coronary
artery disease which was highly prevalent in this set because of the study design (see above).
The Q121 variant tended to be more prevalent also in the third sample from Padua, though not
reaching a nominal statistical significance with the present sample size. (table 3, panel C).
Since no heterogeneity in the genetic effect was observed across the study populations
(p=0.602), data from the three samples were pooled and meta-analysed. The risk of having
reduced GFR in patients carrying the Q121 variant was significantly increased independently
of several covariates (adjusted OR=1.58; 95% CI 1.2–2.1) (table 3, Panel D). This association
was significant among obese (BMI ≥30 Kg/m2) (n=762) but not among non obese (n=630)
patients (OR=1.96; 95% CI 1.4– 2.8 and 1.21; 95% CI 0.8–1.9, respectively), thus indicating
a clear interaction between obesity and ENPP1 K121Q polymorphism (p for interaction=0.03)
in modulating the risk of reduced GFR.
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In the 2 samples having also data on UAE (i.e. Gargano and Padua samples) no association
was observed between this variable and the Q121 variant (Table 1).

Discussion
Our data indicate that the Q121 variant of the ENPP1 gene is independently associated with
reduced GFR in patients with T2D. When reduced GFR values were taken into account, Q121
carriers showed an average reduction of approximately 3 ml/min/1.73m2 and a 60% increase
in the risk for reduced GFR. Since study patients had a mean disease duration of 11 years, they
are likely to have lost 22–27.5 ml/min since diabetes diagnosis (30–32). Thus, the 3 ml/min/
1.73m2 difference observed across different genotypes represents approximately 15% of the
probable GFR loss occurred since disease diagnosis. Such an effect is clinically relevant when
considering that the overall impact of well known modifiable risk factors such as blood
pressure, glycemic control, albumin excretion rate and smoking habit on GFR loss is 24%
(32) and is entirely consistent with the role of a “minor” gene in the context of a complex multi-
factorial trait. Similarly, also when considering the risk of reduced GFR, the 60 % increased
risk given by the Q121 variant is not weaker than that attributable to major changes in systolic
blood pressure (20% increased risk for 10 mmHg difference) or HbA1c (5% increased risk for
1% difference) (33).

Despite the association with GFR values and reduced GFR, no association was found between
Q121 variant and albuminuria. Similarly, two previous studies in patients with type 1 diabetes
reported a significant association between Q121 variant and reduced GFR, but not increased
albuminuria (20–21). This might be due to the antihypertensive therapy ongoing on virtually
all diabetic patients which is known to be more effective in improving proteinuria, than in
preventing GFR loss and which may have overridden the deleterious effect of ENPP1 Q121
on the former parameter. Alternatively, AER and GFR might be regulated by different genes,
as recently discussed (34). Thus, AER may be expression of microangiopathy while GFR is
more likely to be affected by macroangiopathy; the Q121 variant is probably associated with
macroangiopathy, more than with micro, as suggested by the reported association with pro-
atherogenic phenotypes (17,18). As a matter of fact, a possible mechanism accounting for the
reduction of renal function in patients carrying the Q121 variant is the predisposing effect of
this variant to insulin-resistance (11–16) and atherosclerosis (18–19), which are both
independent risk factors for renal dysfunction in patients with T2D (7,35). We would like also
to speculate that a reduced insulin sensitivity is likely to underlie the association between the
Q121 variant and reduced GFR despite the fact that the association between the Q121 variant
and reduced GFR was still observed when in the multivariate model the MS-r score was added
thus making uncertain the role of insulin resistance in mediating it. This might be due to the
metabolic background of the samples studied which, because of diabetes itself, hypertension
and reduced GFR present in several patients, show an “acquired insulin resistance phenotype”
that may have overridden and masked the deleterious role of genetic insulin resistance.
Alternatively, it may be postulated a direct deleterious role of the Q121 variant on endothelial
function and/or arterial wall which has been recently proposed (36)

Although BMI was not associated with the Q121 variant, it significantly interacted with the
variant in increasing the risk of reduced GFR acting, therefore, as a “modifier” of the gene
effect. The observed gene/BMI interaction resembles that reported in the modulation of T2D
(37–38), atherosclerosis (19) and hyperinsulinemia (39), thus suggesting that this is a
generalized phenomenon underlying the effect of the Q121 variant on several phenotypes
related to insulin resistance.

We acknowledge that the observed association, although significant, was certainly less than
optimal, thus leaving open the possibility of a false positive result. However, such a possibility
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is unlikely given the similar trend of association observed across the 3 samples analyzed which
suggests that this is a true generalized phenomenon.

A potential limitation of our study is the different recruitment criteria used in the three different
cohorts, one being a general diabetic population (i.e. the one from Gargano), one being enriched
by coronary artery disease (i.e. the one from Boston) and one being enriched by micro or
macroalbuminuria (i.e. the one from Padua). This clinical heterogeneity might, eventually,
have resulted in genetic heterogeneity (i.e. different gene effect in different samples). Such a
possibility has been formally excluded by testing for gene-samples interaction which turned
out not to be operating in modulating GFR values and reduced GFR risk. Lack of heterogeneity
allowed us to pool and analyse together data from the three populations, thus increasing
statistical power.

An additional limitation of this study may be the underestimation of true GFR by the MDRD
Study equation; despite this is true across the entire GFR range, this imprecision is reported to
be more important for GFR above 60 ml/min/1.73m2 (40–41). Since, on average, KK patients
have a higher eGFR than Q121 carriers, the underestimation of true GFR is likely to have
enriched the group of cases with KK people, thus reducing the strength of the association
between the Q121 variant and reduced GFR (i.e. biasing our results towards the null hypothesis)
further minimizing the risk that the significant association we observed is a spurious one.

In addition, we acknowledge that, although we have adjusted our final result for place of
recruitment, a possible difference in practice patterns in diabetic control, use of antidiabetic
medications modulating insulin resistance, dietary difference or different extents of survival
biases in the two countries, might have influenced our finding. Furthermore, since potential
confounders such as antihypertensive, renin-angiotensin system blockers, anti-diabetic therapy
and smoking habit were available only for the Gargano sample, we can’t claim the complete
independence of the gene effect from these latter variables across all samples studies.

It is worth to note that haplotypes comprising the K121Q polymorphism have been reported
to be associated with insulin resistance states in some but not all studies (37,42–46) as well as
in type 2 diabetes enriched by end stage renal disease (47). Thus, we can’t exclude that a
comprehensive analysis of the entire ENPP1 gene might provide further information about the
association with kidney function in patients with T2D.

In conclusion, our data indicate that, among patients with T2D, those carrying the ENPP1 Q121
variant have an increased risk of kidney dysfunction and reduced GFR. If this association is
confirmed in other populations, so that it can be considered a general phenomenon, it might
serve the important function of helping the identification of diabetic individuals who are prone
to renal dysfunction and should be targeted with specific preventive and therapeutic strategies
early in the course of diabetes.
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Table 1
Clinical features of diabetic patients in whole samples and across ENNP1 genotype groups

KK: patients carrying the K121/K121 genotype; KQ: patients carrying the K121/Q121 genotype; QQ: patients
carrying the Q121/Q121 genotype

Whole sample KK KQ QQ

GARGANO sample

Male/Female 360/324 253/228 91/86 16/10

Age (yrs) 61.3 ± 9.6 61.1± 9.7 61.8 ± 9.0 61.9± 10.1

Duration of diabetes (yrs) 10.7 ± 8.9 10.6 ± 9.1 11.1 ± 8.5 10.8 ± 9.6

BMI (Kg/m2) 30.9± 5.7 31.0 ± 5.6 31.0 ± 5.8 30.0 ± 4.6

HbA1c (%) 8.7 ± 2.0 8.6 ±2.0 8.8 ± 2.0 8.4 ± 1.8

Hypertension (%) 84 83 86 89

Normo-/Micro-/Macro-albuminuria (%) 70/25/5 71/25/4 71/25/4 63/37/0

BOSTON sample

Male/Female 361/222 256/152 99/61 6/9

Age (yrs) 64.7 ± 6.9 64.7 ± 7.0 64.7 ± 6.8 64.4 ± 5.5

Duration of diabetes (yrs) 12.9 ± 7.6 12.8 ± 7.4 13.2 ± 8.1 13.1 ± 7.3

BMI (Kg/m2) 32.2 ± 6.1 32.0 ± 6.5 32.6 ± 5.4 31.1 5.1

HbA1c (%) 7.4 ± 1.3 7.4 ± 1.3 7.4 ± 1.3 7.3 ± 0.9

Hypertension (%) 81 79 83 79

Normo-/Micro-/Macro-albuminuria (%) N.A. N.A. N.A. N.A.

PADUA sample

Male/Female 100/25 73/14 24/11 3/0

Age (yrs) 56.7 ± 8.3 55.8 ± 8.5 58.9 ± 7.6 56.3 ± 6.0

Duration of diabetes (yrs) 11.4 ± 7.3 11.1 ± 6.9 11.9 ± 8.4 11.7 ± 5.7

BMI (Kg/m2) 28.4 ± 4.1 28.3 ± 4.3 28.4 ± 3.7 30.3 ± 3.0

HbA1c (%) 8.5 ± 1.7 8.6 ± 1.8 8.4 ± 1.7 8.4 ± 0.6

Hypertension (%) 94 93 94 100

Normo-/Micro-/Macro-albuminuria (%) 0/37/73 0/33/67 0/49/51 0/0/100

BMI: body mass index

HbA1c: glycated haemoglobin

UAE: urinary albumin excretion
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