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ABSTRACT. To differentiate among different types of diabetes is becom-
ing an increasingly challenging task. We investigated whether the patient’s 
genetic profile is useful to identify the particular type of diabetes, to deter-
mine the corresponding hyperglycemia pathogenesis and treat accordingly. 
Three hundred and thirty-eight diabetic patients, diagnosed according to 
American Diabetes Association criteria, were recruited from 2004 to 2008 
in diabetes health reference centers. We analyzed the major gene for type 1 
diabetes susceptibility (HLA DQ/DR). In order to improve our understand-
ing of the pathogenesis of the resulting hyperglycemia and to implement 
a more adequate treatment for the patients, we reclassified our sample ac-



1353

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 8 (4): 1352-1358 (2009)

Genotype and phenotype correlations in diabetic patients

cording to the presence or absence of the genetic markers. We found that a 
higher percentage of people than expected have immunological disease, in-
dependent of their phenotype, with a relative risk of 4.62 (95% confidence 
interval). This methodology allowed us to establish an association between 
the genotype and its resulting phenotype. We found significant differences; 
the phenotypic classification did not reflect immunological disease based 
on genotype. Moreover, when we examined markers, body mass index and 
age of onset, we found that many people have an intermediate phenotype 
between type 1 and type 2. This genetic data can help provide an accurate 
definition of the disease and would therefore provide the physician a better 
possibility of providing adequate treatment. 
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INTRODUCTION

Diabetes mellitus is a group of metabolic diseases characterized by hyperglycemia 
resulting from defects in insulin secretion, insulin action, or both. The classification of this 
entity has always been very difficult. 

One hundred and fifty years ago, Reyboso observed glucosuria, a condition induced by 
ether anesthesia, in which glucose is discharged in the urine, and in 1877 Claude Bernard described 
hyperglycemia during hemorrhagic shock (Wright et al., 1974). Today, it is well known that any 
type of acute illness or injury can result in insulin resistance, glucose intolerance, and hypergly-
cemia, a constellation termed “diabetes of injury” (Libman and Becker, 2003; Van den Bergue, 
2004). The classification of diabetes has gone through several attempts to compile the many differ-
ent disease entities included in the term diabetes under a single classification criterion (Alberti and 
Zimmet, 1998; Pozzilli and Di Mario, 2001; Anonymous, 2004; Tuomi, 2005; Pozzilli and Buz-
zetti, 2007; Pozzilli et al., 2007). Over the past decade, numerous reports have appeared describing 
adults and adolescent children, usually from minority groups, presenting ketoacidosis with absence 
of islet cell antibodies and with characteristics of type 2 diabetes, such as obesity, acanthosis nigri-
cans and/or significant family history of diabetes (Pinhas-Hamiel et al., 1997; Pinhas-Hamiel and 
Zeitler, 1999). Epidemiological data suggest that both type 1 and type 2 diabetes coexist in type 
1 diabetes families (Libman et al., 2001). Present diagnosis diabetes criteria (Anonymous, 2004) 
applied to classified patients have shown clear differences between type 1 and type 2 diabetes. 
However, this classification does not fully explain the differences in the evolution of the disease 
or the different responses to treatment among individuals. This suggests the existence of specific 
genetic factors influencing disease evolution and response to treatment.

Several years ago, we focused our investigation on HLA genes associated with diabetes. 
Our studies (Mimbacas et al., 2003, 2004) were done both by case-control and parent-cases de-
sign; we found a very high frequency of specific alleles (DQB1*0201, DQB1*0302, DR3, DR4) 
in our population. Though the associated alleles were the same as those of the Caucasian popu-
lation, we found that almost all of the patients had associated DR3 and DR4 alleles. The same 
was found for HLA DQ: -DQB1*0201, *0302. Based on our research experience with diabetes 
patients, it is very difficult to classify the patients in one of the major diabetes categories (type 1 
or type 2). Moreover, patients do not always have a good response to treatment. For these reasons, 
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we were interested in the hypothesis that the genotype influences the phenotype of this disease.
We were interested in determining whether genetic profile is useful to provide more ac-

curate information for the clinician and the patient, not only to know the particular type of diabetes, 
but also so that they can understand the hyperglycemia pathogenesis and to treat it more effectively. 

MATERIAL AND METHODS

We began to study a dynamic cohort in 2004, defined by diabetes according to Ameri-
can Diabetes Association (Anonymous, 2004) criteria. We analyzed the relationship between 
genotype and phenotype in this Uruguayan diabetic population. Based on the 8% prevalence in 
our country (Ferrero and García, 2005), we estimated the baseline sample to be 304 individuals 
(with 95% confidence); this was calculated using the statistics program SPSS (https://www.spss.
com). Allowing for possible dropouts and technical problems during follow-up, we recruited 338 
individuals selected at random among unrelated patients from the major reference medical health 
institutions attending diabetes (Luzardo et al., 2002); the inclusion of public and private health 
centers allowed us to stratify the population according to socio-economic categories. We chose 
this strategy because our country has a unique admixed population composed of three ethnic 
groups (Cardoso et al., 2004; Gascue et al., 2005; Mimbacas et al., 2003, 2004, 2007). 

All subjects were interviewed by medical doctors and answered a standardized proto-
col. This included age at diabetes onset, the presence or absence of acute symptoms before di-
agnosis (polydipsia, polyuria, unintentional loss of weight, and ketosis), weight and height at 
diagnosis in accordance to the calculated body mass index (BMI), blood pressure and family 
history of diabetes, and presence or onset of diabetes-related chronic diseases (comorbidity). 
We collected data on blood glucose, total cholesterol, HDL cholesterol, LDL and triglyceride 
levels, and glycated hemoglobin (HbA1c). All patients were supervised every three months 
by the same team of physicians (diabetologists, endocrinologists and cardiologist). The study 
was approved by the local Research Ethics Committees. Informed consent was provided by 
each subject for all procedures undertaken. All patients gave written consent and the project 
was approved by the Ministry of Public Health.

We collected 5 mL of peripheral blood from each subject to obtain DNA and serum to test 
for genetic markers. In a previous paper, we defined the HLA DQ and DR susceptibility alleles and 
genotypes for the Uruguayan diabetic population (Mimbacas et al., 2003, 2004). Based on that infor-
mation, we analyzed the HLA genes considered to be associated with type 1 diabetes; we genotyped 
the alleles DR3 and DR4 for HLA DR, and alleles HLA DQB*0201 and HLA DQB1*0302 for HLA 
DQ. Patients having any tumor process or a secondary type of diabetes were excluded from the study. 

Epidemiological study

Three hundred and thirty-eight patients were analyzed for genetic markers. We estab-
lished the cohort groups as diabetes type 1 and diabetes type 2 according to ADA criteria. The 
HLA DR alleles were genotyped by PCR, using allele-specific amplifications, as described 
in the European Consortium for IDDM Genetic Studies (Nerup and Pociot, 2001; Rich et al., 
2006). The HLA DQB was analyzed with the commercial kit LIRASTM for LiPA-HLA (In-
nogenetics Inc.). In our analysis of the relation between phenotype and genotype, we obtained 
unexpected results; as a consequence, we re-defined the sub-cohort groups, taking into con-
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sideration the presence of absence of genetic markers strongly associated with type 1 disease 
(HLA DQ/DR). To determine if genetic markers are associated with autoimmune disease, we 
used the statistical program Epi-Info 6.0 (Epi 6, 2008, http://www.cica.es/epiinfo/). To test for 
immunological disease we examined the samples for antibodies (Turner et al., 1997). 

RESULTS

During a period of five years, we examined a dynamic cohort of clinical history of 
338 patients, with 89.9% follow-up. We excluded 34 individuals at the end of this study (final 
N = 304): three individuals died, one patient began a tumor process, we did not obtain PCR 
products in two patients, and 28 withdrew (i.e., patients who left the health center or did not 
regularly return for exams). Initially, we classified the patients into two groups: type 1 diabetes 
(142 individuals) and type 2 diabetes (162 individuals), according to American Diabetes As-
sociation criteria. The clinical characteristics of the two cohorts are shown in Table 1. 

	 Type 1 diabetes	 Type 2 diabetes

Age at onset (years)	   13.27 ± 12.72	   48.95 ± 10.08 
HbA1c (%)	 10.06 ± 2.35	   7.89 ± 1.59
Cholesterol (mg/dL)	 186.00 ± 50.35	 203.37 ± 42.43
HDL (mg/dL)	   57.19 ± 16.60	   51.89 ± 27.78
LDL (mg/dL)	 105.93 ± 42.36	 122.27 ± 63.00
Triglycerides (mg/dL)	 109.48 ± 71.78	   189.14 ± 125.28
Body mass index (kg/m2)	 20.02 ± 4.21	   2.35 ± 5.10

Data are reported as means ± SD on diabetes groups defined according to American Diabetes Association 
(Anonymous, 2004) criteria.

Table 1. Characteristics of the population studied.

In the diabetic sample, 34.5% were 0-15 years old, 6.91% were 15-25 years old and 
58.6% were more than 25 years old. The sub-cohorts were 8.8 ± 11.9 years old (0-35 years) 
for type 1 diabetics and 49.2 ± 11.2 years old for type 2 diabetics. These two groups reported 
12.4 ± 9.0 and 20.5 ± 19.2 years of evolution, respectively. All individuals were genotyped for 
HLA. The genetic results are shown in Figure 1. 

Figure 1. Genetic analysis of the sample. N = 304 was the baseline sample. The patients were classified into two 
groups: type 1 diabetes (DMT1; 142 individuals) and type 2 diabetes mellitus (DMT2, 162 individuals). According 
to HLA DQB/DR diabetes susceptibility, we reclassified our cohort groups into four sub-groups.
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We made a new division of the sample according to the genetic results and reclassi-
fied our cohort groups into four sub-groups according to HLA DQB/DR diabetes susceptibil-
ity (Figure 2): a) 128 patients classified as type 1 diabetes who were positive for HLA; b) 14 
patients classified as type 1 but negative for HLA markers; c) 88 patients classified as type 2 
who were negative for HLA; d) 74 patients classified as type 2 who were positive for HLA.

Figure 2. HLA distribution without considering the previous classification of type 1 and type 2 diabetes mellitus (DMT2).

A 2 x 2-contingency table was used to analyze the relationship between genotype 
(HLA positive or negative) and phenotype (presence or absence of DT1). We obtained a rela-
tive risk (RR) = 4.62 and a confidence interval (CI) = 2.81 < RR < 7.59. The chi-square value 
was 65.12 (Yates corrected) with P < 0.001. 

DISCUSSION

For the clinician and the patient, it could be more important to understand the 
pathogenesis of the hyperglycemia and to decide on the most efficient treatment than to 
label the particular type of diabetes. A specific diagnosis based on genetic and immunologi-
cal markers help clinicians determine treatment; it would also help screen for associated 
abnormalities, help in the detection of possible future outcomes, and be useful for research-
ers and epidemiologists interested in the impact, etiology and pathogenesis of diabetes 
(Libman and Becker, 2003). At present, differentiating between types of diabetes is chal-
lenging. We believe that it is important to analyze diabetes from a genetic point of view; 
this is supported by the results that we obtained here. 

The effect of genetic variables on diabetes has been studied for several decades, 
but only a few consistent risk factors have been identified to date. The entire scale 
candidate gene studies published so far on diabetes have not performed a combined 
analysis of both types of diabetes and not used admixed populations as Uruguayan 
ones. We consider that the Uruguayan population can provide useful information for 
epidemiological studies (Cardoso et al., 2004; Gascue et al., 2005; Mimbacas et al., 
2003, 2004, 2007). 
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We estimated the effect of genetic variation and its relationship with phenotype in a 
dynamic diabetes cohort. We selected a major gene (HLA DQ-DR gene) to identify type 1 
diabetes as an immunological marker disease in our cohort study. 

When we based our study on the American Diabetes Association classification, we 
found that the people identified as having type 1 diabetes presented HLA susceptibility, but 
9.9% of the cases (14/142) lacked this marker, which is an expected percentage based on the 
American Diabetes Association classification. However, when we classified the patients ac-
cording to BMI and age at onset, 93.2% typically presented diabetes type 1, and 6.3% were 
older than 35 years at onset and were of normal weight to slightly obese. It was possible that 
these patients presented type 1 diabetes or latent autoimmune adult diabetes. To confirm this, 
we need to determine which of the patients present the short variable in the VNTR Insu-
lin gene. The other patients (8/128) possibly present a new manifestation of diabetes called 
double diabetes, for the following reasons: one of them was a child diagnosed as diabetic at 7 
years old; he presented acanthosis nigricans, with a BMI = 31 kg/m2, but he was positive for 
antibodies and HLA. The other patient was older than 35 years and his BMI >25 kg/m2. There 
were no HLA markers in 14 patients classified as type 1. Eleven of them had a BMI <25 kg/m2 
and age of diagnosis <25 years. These patients presented positive antibodies but at low values. 
We suppose that these people had diabetes associated with genes other than HLA, such as the 
insulin receptor gene or protein tyrosine phosphatase non-receptor type 22 gene (PTPN22). 
Currently, we are investigating these possibilities and analyzing the patients with their physi-
cians in order to investigate differences compared with classic type 1 diabetes. 

When we analyzed the people diagnosed as type 2, we found unexpected results, the 
genetic background of 46% of them was associated with immunological disease. This is more 
than expected (10-15%; Anonymous, 2004). All these patients presented antibodies (Turner et 
al., 1997). The patients with onset at >35 years possibly could be latent autoimmune diabetes 
of adults, according to Zimmet et al. (1999). Another possibility is that these patients could 
have double diabetes. We need to analyze these patients in more detail, but we think that 
because of our high admixture population characteristics, it is more feasible that they have 
double diabetes (Libman and Becker, 2003; Pozzilli and Buzzetti, 2007; Pozzilli et al., 2007).

In order to improve our understanding of the pathogenesis of the hyperglycemia 
and to implement a more adequate treatment for the patients, we reclassified our sample 
according to the presence or absence of the genetic markers. This methodology allowed 
us to establish an association between the genotype and its resulting phenotype. We found 
significant differences, which means that the phenotypic classification does not reflect im-
munologic disease based on genotype. Moreover, when we examined markers, body mass 
index and age at onset, we found that it is possible that many people have an intermediate 
phenotype between type 1 and type 2. 
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