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The aim of the present study was to analyze the frequency of K121Q polymorphism in the ENPP1 gene of Brazilian subjects
according to ethnic origin and to determine its possible association with diabetes mellitus (DM) and/or diabetic complications.
A cross-sectional study was conducted on 1027 type 2 DM patients and 240 anonymous blood donors (BD). Ethnicity was
classified based on self-report of European and African descent. The Q allele frequency was increased in African descendant
type 2 DM patients (KK = 25.9%, KQ = 48.2%, and QQ = 25.9%) and BD (KK = 22.0%, KQ = 53.8%, and QQ = 24.2%) compared
to European descendant type 2 DM patients (KK = 62.7%, KQ = 33.3%, and QQ = 4.1%) and BD (KK = 61.0%, KQ = 35.6%, and
QQ = 3.4%). However, there was no difference in genotype distribution or Q allele frequency between diabetic and non-diabetic
subjects (European descendants: DM = 0.21 vs BD = 0.21, P = 0.966, and African descendants: DM = 0.50 vs BD = 0.51, P =
0.899). In addition, there were no differences in clinical, laboratory or insulin resistance indices among the three genotypes. The
prevalence of DM complications was also similar. In conclusion, K121Q polymorphism is more common among Afro-Brazilian
descendants regardless of glycemic status or insulin sensitivity indices. Likewise, insulin sensitivity and DM chronic complica-
tions appear not to be related to the polymorphism in this sample.
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Introduction

The ecto-nucleotide pyrophosphatase/phosphodiester-
ase 1 (ENPP1) gene is a member of the ecto-nucleotide
pyrophosphatase/phosphodiesterase (ENPP) family. The
encoded protein is a type II transmembrane glycoprotein.
This protein has broad specificity and cleaves a variety of
substrates, including phosphodiester bonds of nucleotides
and nucleotide sugars. The ENPP family is involved in a
variety of processes that range from bone mineralization to
insulin action signaling (1).

Several polymorphisms are located in the ENPP1 gene
(2,3), the one most frequently analyzed being located in
exon 4 and causing an amino acid change (K121Q). The

variant allele (risk allele Q) is associated with a stronger
interaction of the protein with the insulin receptor com-
pared to the wild allele (allele K), resulting in a reduction of
insulin receptor autophosphorylation (4). Due to its effect
on insulin signaling, ENPP1 is a candidate gene for insulin
resistance and/or development of diabetes mellitus (DM).

The clinical manifestation of this polymorphism has not
been well established. Even among Caucasian subjects,
the effect of the presence of Q allele varies. Sicilian,
Swedish and Finnish carriers of the Q allele have lower
insulin sensitivity compared to noncarriers, but this is not
the case for Danes or Spaniards (4-8). Other phenotypes
possibly associated with this polymorphism may include
accelerated atherosclerosis (9), increased proportion of
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individuals with hypertension (10) or obesity (3) and in-
creased predisposition to diabetic nephropathy (11).

In addition, the frequency of the Q allele seems to be
highly dependent on the ethnic group. Dominican Republic
subjects have a higher frequency of the Q allele (>0.50)
than Caucasian subjects in other countries (~0.15) (12).
North American children of African ancestry have an in-
creased prevalence of the Q allele compared to North
American children of European ancestry (13). Similar find-
ings were reported recently for African-American adults
and adults of Hispanic descent (14). The increased fre-
quency of the Q allele in these ethnic groups might explain
their higher risk of developing DM (15) and their higher
insulin resistance compared to individuals of European
descendent (16). This is also true for other American
ethnic minorities (16). However, the distribution of this
allele and the possible association of K121Q polymor-
phism with type 2 DM and its chronic complications in other
populations are largely unknown.

Therefore, the aim of this study was to analyze the
frequency of the K121Q allele in Brazilian subjects of
different ethnic origins, and the possible association of the
Q allele with DM and chronic diabetic complications.

Subjects and Methods

Subjects
A total of 1129 patients with type 2 DM (diagnosis of

DM after the age of 35 years and without insulin use during
the first 5 years after diagnosis) were identified from a
multicentric project aimed at studying risk factors for long-
term diabetic complications, which started recruiting pa-
tients in the southern Brazilian State of Rio Grande do Sul
in 2002. Ethnicity was classified as self-reported skin color
and recorded as European descent, African descent, mixed,
or “other”. Those reporting “other” ethnic origin (N = 5) as
well as those reporting mixed origin (N = 97) were ex-
cluded. Therefore, 1027 patients were recruited from the
outpatient endocrine clinics of the 4 participating hospitals
(Grupo Hospitalar Nossa Senhora da Conceição, Hospital
São Vicente de Paula, Hospital Universitário de Rio Gran-
de, and Hospital de Clínicas de Porto Alegre). According to
the official Brazilian Census of 2000, the ethnic distribution
of the adult population of the South Region is 84.5% of
European descent, 3.8% of African descent, and 10.4% of
mixed origin (17). The European immigration to the State
of Rio Grande do Sul was mainly from Portugal, Spain,
Italy, and Germany. The subjects reporting African origins
descend from people forcibly brought to Brazil between the
17th and 18th centuries, mainly from Angola and
Mozambique.

DNA samples from 240 anonymous blood donors (BD)
(European descendants N = 149, African descendants N =
91) were also examined for the K121Q polymorphism. The
information available for these subjects consisted of age
and sex. None of them reported having DM.

The diabetic patients underwent a standardized evalu-
ation consisting of a questionnaire, physical examination,
and laboratory tests. Weight (without shoes, light outdoor
clothing) and height were measured, and body mass index
(BMI) was calculated. Waist circumference was measured
at the narrowest point as viewed from the front. Hyperten-
sion was defined as blood pressure ≥140/90 mmHg or
current use of antihypertensive medication. An ophthal-
mologist performed direct fundoscopy, and diabetic reti-
nopathy was classified as absent, nonproliferative, or pro-
liferative. Ischemic heart disease (IHD) was diagnosed as
previously described (18). Briefly, IHD was established in
the presence of angina or possible infarct according to the
World Health Organization Cardiovascular Questionnaire
and/or the presence of resting electrocardiogram abnor-
malities [Minnesota Codes Q and QS patterns (1.1-2, 1.3);
S-T junction (J), and segment depression (4.1-4); T wave
items (5.1-3), complete left bundle block (7.1)], and/or the
presence of perfusion abnormalities (fixed or variable) on
myocardial scintigraphy at rest and after iv dipyridamole.
Because of the costs and complexity, this evaluation of
IHD was carried out in only 642 patients. The local Ethics
Committees approved the protocol and all diabetic sub-
jects signed an informed consent form.

Laboratory analysis
Urinary albumin was measured by immunoturbidimetry

(Sera-Pak immunomicroalbuminuria; Bayer, Tarrytown, NY,
USA; intra- and interassay coefficients of variation: 4.5 and
11.0%, respectively) (19) in either 24-h timed collections
(N = 783) or random spot (N = 244) urine samples. The
American Diabetes Association recommended that cut-off
points were employed for the timed urine collections (nor-
moalbuminuria: urinary albumin excretion (UAE) <20 µg/
min, microalbuminuria: UAE 20-199 µg/min, and proteinu-
ria: UAE ≥200 µg/min). For spot samples, urinary albumin
concentrations (mg/L) were used as previously validated
in our central laboratory (19) (normoalbuminuria: UAE <17
mg/L, microalbuminuria: UAE 17-174 mg/L and proteinu-
ria: UAE >174 mg/L). Glucose was determined by a glu-
cose oxidase method, creatinine by the Jaffe reaction, A1c
test by ion-exchange high-performance liquid chromatog-
raphy (Merck-Hitachi L-9100 glycated hemoglobin ana-
lyzer, reference range 2.7-4.3%; Merck, Darmstadt, Ger-
many), and triglyceride and cholesterol levels by enzy-
matic methods.
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Serum insulin (radioassay, ElecsysR Systems 1010/
2010/modular analytics E170, Roche Diagnostics, India-
napolis, IN, USA) was measured in a subgroup of patients
(European descendants: N = 138, African descendants: N
= 51) who were not taking insulin or insulin sensitizers and
with serum creatinine <1.3 mg/dL. Insulin sensitivity was
estimated by homeostasis model assessment-insulin re-
sistance (HOMA-IR = fasting insulin (mIU/mL) x fasting
glucose (mmol/L)/22.5), as recently validated (20). The
mean HOMA-IR value of control subjects in our laboratory
is 1.84 ± 1.02 (21).

Molecular analysis
DNA was isolated from lymphocytes using standard

procedures (22). Subjects were genotyped for ENPP1
K121Q polymorphism in exon 4 as previously described
(11). Briefly, a transversion from A to C at the first position
of codon 121, resulting in an amino acid change from lysine
to glutamine (K121Q) was genotyped. PCR was performed
using primers: forward 5'-CTGTGTTCACTTTGGACATG
TTG-3' and reverse 5' -GACGTTGGAAGATACCAGGTT
G-3'. PCR products were digested by the restriction en-
zyme AvaII and separated on agarose gel. The genotypes
were confirmed in a second reaction in 5% of the sample.
All PCRs were run in a final volume of 25 µL, containing 50
ng genomic DNA, 20 mmol/L Tris-Cl, pH 8.4, 50 mmol/L
KCl, 1.5 mmol/L MgCl2, 0.2 mmol/L dNTPs, 1 unit of TaqDNA
polymerase, and 1 µmol/L of specific primer. The allele
encoding the K variant appeared as a single fragment of
238 bp, and the allele encoding the Q variant appeared as
two fragments of 148 and 90 bp each.

Statistical analysis
Continuous data are reported as means ± SD. Cat-

egorical data are reported as number of subjects and
percent of individuals affected. The χ2 test and one-way
ANOVA were used to compare genotype groups in terms
of clinical and laboratory characteristics and the Tukey test
was used for post hoc multiple comparisons. Hardy-Wein-
berg equilibrium was calculated using allele frequencies
and the χ2 test. Variables without normal distribution were
log transformed. The power to detect an odds ratio of 1.5
for DM in the presence of the Q allele was 70%, and the
power to detect an odds ratio of 1.7 was 90%. A P < 0.05
value (two-sided) was considered to be significant.

Results

Description of the subjects
A total of 1027 patients with type 2 DM (European

descendants: N = 830, African descendants: N = 197) and

240 BD (European descendants: N = 149, African descen-
dants: N = 91) were included. The patients of European
descent with type 2 DM were older (59.3 ± 10.4 vs 54.3 ±
10.5 years, P < 0.001) and had a longer known DM
duration (11.6 ± 9.0 vs 8.7 ± 7.2 years, P < 0.001) than
patients of African descent. The BMI was similar for the two
groups (28.9 ± 5.3 and 28.8 ± 5.4 kg/m2, P = 0.859). Among
BD, mean age was 47 ± 7.8 years and gender distribution
was 136 (56.6%) males and 104 (43.4%) females.

Genotype distribution
In both type 2 DM patients and BD, individuals of

African descent had a higher frequency of the Q allele as
compared to European descendants. In type 2 DM pa-
tients, the frequencies of the KK, KQ, and QQ genotypes
were 25.9, 48.2, and 25.9% in African descendants, and
62.7, 33.3, and 4.1% in European descendants (P < 0.001).
The same pattern was observed in BD (22.0, 53.8, and
24.2% for those of African descent and 61.0, 35.6, and
3.4%, for those of European descent, P < 0.001). However,
the genotype distributions (P = 0.808 in European descen-
dants and P = 0.653 in African descendants) and allele
frequencies (European descendants: DM = 0.21 vs BD =
0.21, P = 0.966 and African descendants: DM = 0.50 vs BD
= 0.51, P = 0.899) did not differ between diabetic and non-
diabetic subjects, irrespective of ethnic background. All
genotypes were in Hardy-Weinberg equilibrium.

Clinical and laboratory characteristics according to
genotype

There were no differences in clinical or laboratory
characteristics among the three genotypes (Table 1), ex-
cept for DM duration that was longer in European descen-
dant heterozygotes (P = 0.033). Systolic and diastolic
blood pressure, prevalence of hypertension, glucose and
lipid profiles, insulin resistance indices, and renal function
did not differ among groups regardless of ethnicity. The
prevalence of vascular complications (micro- and macro-
vascular) was also similar across genotypes.

Discussion

In this sample of type 2 DM patients, the Q allele of the
ENPP1 polymorphism had an increased prevalence among
individuals of African descent. The same pattern was
observed in healthy non-diabetic BD, suggesting that the
Q allele is not associated with type 2 DM. The presence of
the Q allele was also not associated with increased insulin
resistance. Furthermore, there was no association of the
allele of interest with chronic diabetic complications such
as IHD, stroke, DM retinopathy or nephropathy.
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Table 1. Table 1. Table 1. Table 1. Table 1. Clinical and laboratory characteristics of patients with type 2 diabetes according to ethnicity and genotype.

European descendants African descendants

KK (N = 520) KQ (N = 276) QQ (N = 34) KK (N = 51) KQ (N = 95) QQ (N = 51)

Age (years) 59.7 ± 10.3 58.9 ± 10.7 56.3 ± 8.8 55.8 ± 9.2 55.0 ± 11.5 55.6 ± 9.7

Diabetes duration (years) 11.0 ± 8.8 12.8 ± 9.5 10.6 ± 7.2 8.7 ± 7.0 8.3 ± 7.3 9.6 ± 7.3

Male sex, N (%) 242 (46.5) 133 (48.2) 17 (50.0) 16 (31.4) 35 (36.8) 20 (39.2)

BMI (kg/m2) 29.1 ± 5.4 28.7 ± 5.2 27.3 ± 3.7 27.9 ± 5.2 29.1 ± 5.6 29.2 ± 5.2

Waist circumference (cm) 97.9 ± 12.4 97.4 ± 11.6 93.9 ± 9.4 94.5 ± 14.9 97.7 ± 12.0 98.1 ± 10.5

Systolic blood pressure (mmHg) 143.5 ± 24.0 140.4 ± 22.4 142.3 ± 25.8 141.8 ± 21.5 141.1 ± 24.2 142.3 ± 24.6

Diastolic blood pressure (mmHg) 86.5 ± 12.7 85.2 ± 12.4 84.3 ± 11.8 86.5 ± 13.0 87.4 ± 13.2 87.9 ± 14.4

Hypertension, N (%) 346 (67.7) 181 (66.3) 22 (68.8) 35 (68.6) 67 (72.0) 37 (72.5)

A1c test (%) 6.64 ± 1.95 6.65 ± 1.89 6.28 ± 1.47 6.79 ± 1.90 6.94 ± 2.75 6.95 ± 2.51

Fasting plasma glucose (mg/dL) 177.2 ± 78.3 174.7 ± 76.1 177.7 ± 66.4 192.2 ± 69.1 175.0 ± 73.1 195.6 ± 85.3

Total cholesterol (mg/dL) 216.0 ± 45.0 210.0 ± 44.2 228.8 ± 63.4 217.4 ± 53.3 215.8 ± 109.3 209.7 ± 54.7

HDL-cholesterol (mg/dL) 43.3 ± 12.4 43.2 ± 11.0 43.6 ± 10.8 45.8 ± 12.9 47.7 ± 15.4 47.1 ± 12.3

Triglycerides (mg/dL) 156 (27-1470) 145 (26-1236) 156 (56-659) 137 (43-892) 118 (37-640) 126 (47-503)

Creatinine (mg/dL) 0.98 (0.40-13.90) 0.93 (0.50-9.60) 1.00 (0.60-6.95) 0.86 (0.50-13.30) 0.80 (0.40-7.00) 0.90 (0.50-13.60)

HOMA-IR 4.40 (0.30-30.24) 6.12 (0.32-26.07) 9.52 (1.72-25.71) 4.02 (1.30-20.03) 4.00 (0.61-19.14) 5.65 (1.07-18.97)

Ischemic heart disease, N (%) 125 (34.6) 69 (36.5) 12 (50.0) 9 (50.0) 17 (56.7) 10 (50.0)

Stroke, N (%) 22 (6.2) 9 (5.2) 3 (13) 2 (6.9) 4 (7.3) 3 (9.1)

Proliferative retinopathy, N (%) 83 (17.3) 47 (18.7) 7 (22.6) 8 (19.5) 19 (28.4) 8 (20.5)

Micro-/macroalbuminuria, N (%) 117/91 (23.0/17.9) 65/55 (23.8/20.1) 19/4 (12.1/30.3) 10/9 (20.8/18.8) 23/12 (31.1/16.2) 7/12 (15.2/26.1)

Data are reported as mean ± SD or median (range). Data are reported for 816 European descendants and 139 African descendants for hypertension, for

574 European descendants and 68 African descendants for ischemic heart disease, for 551 European descendants and 117 African descendants for

stroke, and for 762 European descendants and 47 African descendants for proliferative retinopathy. BMI = body mass index; HOMA-IR = homeostasis

model assessment-insulin resistance. The χ2 test and one-way ANOVA were used to compare genotype groups and the Tukey test was used for post hoc
multiple comparisons. P > 0.05 for all comparisons except for diabetes duration in European descendants (P = 0.033 between KQ and QQ genotypes).

The higher frequency of the Q allele observed among
African descendants is in accordance with the few studies
that evaluated K121Q polymorphism in different ethnic
groups to date (Figure 1). In general, the Q allele is more
common in populations of non-European origin (12,13).
The Q allele frequency observed in African descendants in
this sample (~0.50) is similar to that found in Dominican
Republic type 2 DM patients (12). The Dominican Republic
is a Caribbean island with a predominantly mixed popula-
tion (European descendants: 16%, African descendants:
11%, and mixed descendants: 73%) (23). Unfortunately,
the authors do not make any reference to the ethnic distri-
bution of the Dominican Republic subjects studied. Based
on the available information, we tend to assume that the
majority may represent the mixed population. On the other
hand, the frequency of the Q allele in the Afro-Brazilian
descendants was lower than the frequency described in
Afro-North American descendants (~0.80) (13). Among
European descendants the frequency of the Q allele is
relatively constant in the many different populations ana-
lyzed so far, with point estimates ranging from 0.10 to 0.21
(3-8,11,24-27).

We have previously described an association between
the Q allele and diabetic nephropathy (11) in European

descendant type 1 DM patients. In that study, the insulin
sensitivity indexes were not assessed. However, the Q
allele carriers did not differ with regard to phenotypic
characteristics of insulin resistance, such as BMI, blood
pressure, lipid profile, or A1c test values.

In this larger sample of type 2 DM patients, there was
no association between the Q allele and clinical character-
istics of insulin resistance, type 2 DM or chronic diabetic
complications. Moreover, the indirect index of insulin resis-
tance, HOMA-IR, was not different between carriers and
non-carriers of the Q allele.

In a previous report, we have also found an excess of
cases of end-stage renal disease and IHD in African de-
scendant type 2 DM patients (28). The present data show
that these excess frequencies cannot be explained by the
ENPP1 K121Q polymorphism.

It is not yet clear why some investigators found an
association of the polymorphism with insulin resistance
and DM chronic complications, and others did not. Even
among Europeans, this finding is somewhat heteroge-
neous (3-9,24). This suggests that, if the association is
real, its effect is small and might depend on other polymor-
phisms or gene interactions.

The present report shares a limitation that is inherent to
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studies involving ethnicity: the classification of different
ethnic groups. In spite of the use of patient self-reported
classification, there may be some misclassification due to
miscegenation. Nevertheless, the population of Southern
Brazil has historically fewer inter-ethnic marriages than the
rest of the country, probably preserving more of the original
genomic ancestry. As a matter of fact, the Q allele preva-
lence among European descendants in the present sam-
ple is similar to that found in European countries.

The use of an indirect method to measure insulin
sensitivity instead of the euglycemic-hyperinsulinemic

Figure 1Figure 1Figure 1Figure 1Figure 1. ENPP1 Q allele frequency according to the ethnic origin. Diamond = mean; horizontal line = 95%
confidence interval. *Data from the present study. DM = diabetes mellitus.

clamp may be questioned, since it could reduce the accu-
racy of the results. However, HOMA-IR is widely accepted
as an insulin action index (20,29), whereas the clamp
technique is complex, time-consuming and not cost-effec-
tive for the study of large samples (30).

In conclusion, the ENPP1 polymorphism K121Q is
more prevalent among Brazilian individuals of African de-
scent independent of glycemic status or insulin sensitivity
indexes. Likewise, insulin sensitivity and DM chronic com-
plications appear not to be related to the polymorphism in
this sample.
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