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Resumo

O presente estudo analisa o perfil de pacientes diabéticos adultos do tipo 1 e do tipo 2,
usuarios de insulina, em uma amostra de uma cidade brasileira (Juiz de Fora - MG),
com o objetivo de avaliar suas caracteristicas epidemioldgicas e o controle metabdlico
alcancado. Foram analisados os prontuarios de pacientes diabéticos de um servigo
especializado em usuarios de insulina no municipio de Juiz de Fora (MG). Foram
separados dois grupos: 175 prontuarios referentes aos diabéticos do tipo 1 (avaliando o
impacto do atendimento multidisciplinar no controle glicémico) e 57 prontuarios
referentes aos diabéticos do tipo 2 que passaram a utilizar metformina associada a
insulinoterapia (avaliando a agao da metformina nos controles glicémico e lipidico, bem
como na pressao arterial). O estudo concluiu que pacientes diabéticos do tipo 1
atendidos em um centro multidisciplinar apresentaram um melhor controle glicémico, e
que a associacdo da metformina a insulina ocasionou melhora dos niveis de colesterol
total e do controle glicémico dos pacientes diabéticos do tipo 2 com sindrome

metabdlica.

Abstract

The present study analyzes the type 1 and type 2 adult diabetic on insulin patients’
profile in a sample of a Brazilian city (Juiz de Fora), aiming to evaluate their
characteristics and the reached metabolic control. The patients' records of patients from
a multidisciplinary diabetes center in a Brazilian city (Juiz de Fora) were analyzed. They
were separated in two groups: 175 records regarding the diabetics of the type 1
(evaluating the impact of the multidisciplinary service approach to the glycemic control)
and 57 records regarding the diabetics of the type 2 that started to use metformin
associated to insulin (evaluating the action of the metformin in the glycemic and lipidic
control, as well as in the blood pressure). The study concluded that type 1 diabetic
patients assisted in a multidisciplinary center presented a better glycemic control, and
that the association of the metformin to insulin in type 2 diabetic patients with metabolic
syndrome resulted in improvement of the total cholesterol levels and of the patients'

glycemic control.



1 INTRODUCAO

O Diabetes Melito (DM) € uma das doengas crbnicas mais prevalentes na
atualidade. De acordo com estimativas da Organizacdo Mundial de Saude (1), em 1997
existiam 142,5 milhdes de portadores de DM no planeta (36,8% nos paises
desenvolvidos e 63,2% nos paises em desenvolvimento), projetando 154,4 milhdes
para o ano 2000, e 299,9 milhdes de pessoas afetadas para 2025 (76% em paises em
desenvolvimento). H4 uma tendéncia da prevaléncia aumentar devido ao alargamento
da longevidade e as mudangas de habitos atribuidas a crescente urbanizagéo, inclusive
a obesidade.

No Brasil, o impacto do DM na saude publica, de acordo com dados do
Ministério da Saude, revela que o DM como diagnostico primario de internagao
hospitalar aparece como a sexta causa mais frequente e contribui de forma significativa
(30 a 50%) para outras causas, como cardiopatia isquémica, insuficiéncia cardiaca,
acidente vascular cerebral e hipertensdo arterial. Além disso 30% dos pacientes
internados em Unidades Coronarianas com dor precordial sdo diabéticos. E sabido
ainda que o DM ¢é a principal causa de cegueira adquirida e de amputagdes nao
traumaticas de membros inferiores, e que cerca de 26% dos pacientes que ingressam
em programas de dialise sdo diabéticos (2).

Dados da Fundagdo Nacional de Saude (FUNASA) enfatizam que, para o
diabetes melito do tipo 1 (DM1), ndo se dispde de medidas que previnam sua
incidéncia. Para o diabetes tipo 2 metade dos casos novos poderia ser prevenido
evitando-se o excesso de peso, e outros 30% com combate ao sedentarismo; nos
diabéticos o controle da pressado arterial previne 80% dos acidentes vasculares
cerebrais, 60% das amputagbes de membros inferiores, 50% das doengas renais
terminais e 40% das doengas coronarianas. Além disso programas educativos podem
reduzir pela metade o numero de hospitalizagdes por diabetes (3).

Grandes ensaios clinicos, o de Kumamoto (4), o DCCT (Diabetes Control and
Compliations Trial) (5) e o UKPDS (United Kingdom Prospective Diabetes Study) (6)
demonstraram a importancia de um controle intensivo da glicemia para reduzir as

complicacdes tardias da doenca.



O estudo de Kumamoto, publicado antes do UKPDS e realizado no Japao,
concluiu que o controle estrito dos niveis plasmaticos de glicose reduziu o risco de
nefropatia, neuropatia e retinopatia nos pacientes com DM tipo 2 (4).

Ja em relagdo ao DM tipo 1, o DCCT mostrou que o controle glicémico
intensivo reduziu a retinopatia em 76%, além de reduzir em 54% a progressao para a
fase proliferativa. Houve ainda redugdo de 39% no surgimento de microalbuminuria e
60% no surgimento da neuropatia diabética. O efeito adverso mais importante
observado nesse ensaio foi a ocorréncia de hipoglicemia, que foi duas a trés vezes
mais frequiente no grupo que recebeu terapia intensiva com insulina (5).

O UKPDS - o mais longo ensaio clinico ja conduzido em individuos com
diabetes melito do tipo 2 (DM2) — concluiu que para cada um ponto percentual de
reducdo da hemoglobina glicada (A1C) houve redugdo de 21% nos desfechos
relacionados ao DM, bem como na mortalidade relacionada a este, além de reducgao de
14% na mortalidade geral por todas as causas, reducao de 43% nas amputagdes ou
morte por vasculopatia periférica e reducao de 37% nas complicagbes microvasculares
(6).

E sabido ainda, segundo dados do UKPDS, que a faléncia de células beta é
progressiva, ja que 53% dos pacientes com diabetes do tipo 2 tratados inicialmente
com sulfoniluréias passaram a necessitar de insulinoterapia apds 6 anos do diagndstico
da doenca e esse numero aumentou para 80% apos 9 anos de diagndstico,
configurando assim a insulinoterapia como uma modalidade terapéutica fundamental
também no diabetes do tipo 2 (6).

Frente a esse contexto, varias modalidades de insulinoterapia tém sido
propostas, inclusive com inicio precoce nos pacientes com DM2 e associada aos
agentes hipoglicemiantes orais.

Apesar disso, os dados da FUNASA (2) indicam que no Brasil a proporg¢ao de
diabéticos tipo 2 em uso de insulina é da ordem de 8% (contra 25% nos paises
desenvolvidos), evidenciando ainda uma baixa indicagdo do uso de insulina no
diabetes do tipo 2 no Brasil. Além disso nos pacientes com DM2 é muito comum a
associacdo com a sindrome metabdlica, e nesse caso o tratamento deve enfocar

outras abordagens visando controlar outros fatores de risco cardiovasculares (3).



O Ministério da Saude no nosso pais vem implementando programas para
reduzir o impacto do DM sobre a saude da populagdo e a economia nacional, porém,
devido aos problemas de financiamento do Sistema Unico de Saude (SUS), a
distribuicdo de medicamentos, para o tratamento da hiperglicemia, atualmente se
restringe a glibenclamida 5 mg, metformina 850 mg e insulina NPH (humana).

Uma das estratégias adotadas pelo SUS foi a criacdo de centros de distribuicao
de insulina, onde os pacientes se consultam com uma equipe multidisciplinar, realizam
exames laboratoriais e recebem os frascos de insulina suficientes até a marcacédo de
retorno para a préoxima consulta.

A Secretaria de Saude do municipio de Juiz de Fora (MG) mantém um desses
centros desde 1986 — o Servico de Controle da Hipertensédo, Diabetes e Obesidade
(SCHDO), que é um servigo de atendimento secundario localizado no Departamento de
Clinica Especializadas. Estima-se que existam cerca de 15.000 diabéticos em Juiz de

Fora, para uma populacao de 456.796 habitantes (Censo 2000, http://www.ibge.gov.br).

O SCHDO €& um centro de referéncia para pacientes hipertensos com
complicagbes e diabéticos usuarios de insulina, que vao encaminhados dos
ambulatérios de endocrinologia e cardiologia da regido.

Os pacientes inscritos contam com o atendimento de uma equipe multi-
profissional composta por 4 endocrinologistas, 5 cardiologistas, 3 clinicos gerais, 2
nefrologistas, 2 oftalmologistas, 1 cirurgido especializado em cirurgia bariatrica e 1
enfermeira com treinamento em educacao para diabéticos — esta fornece informacodes
sobre uso da insulina, alimentagdo, hipoglicemias, cuidados com os pés, dentre outras
orientagdes. O servigo conta ainda com 2 auxiliares operacionais de servigos, 1 auxiliar
administrativo e 1 digitador.

As consultas mensais sao realizadas pelos endocrinologistas. Se necessario os
pacientes sdo novamente encaminhados a enfermeira para reforco das orientacdes
sobre os cuidados gerais. Semanalmente ocorrem reunides de grupos de diabéticos,
supervisionadas pela equipe do servigo, para discussdes de temas de interesse dos
pacientes, como nutricdo, incentivo a atividades fisicas, intercorréncias e cuidados com
os pés. O Servigo dispensa por més cerca de 4.000 frascos de insulina NPH, 220.000
comprimidos de glibenclamida (5 mg) e 100.000 de metformina (850 mg), além de
425.000 comprimidos de captopril (25 mg), 375.000 de propranolol (40 mg) e 400.000
de hidroclorotiazida (25 mg).



Através da base de dados dos pacientes atendidos no SCHDO realizamos dois
estudos.

No primeiro trabalho o objetivo foi avaliar o controle glicémico de uma coorte de
pacientes adultos com DM1 avaliando o impacto da assisténcia multidisciplinar no
controle glicémico.

O objetivo do segundo trabalho foi comparar um grupo de DM2, portadores de
sindrome metabdlica, usuarios de insulina, antes e 6 meses apos a introdugao da
metformina como tratamento combinado, e avaliar o impacto dessa associacdo no
controle glicémico, pressao arterial e perfil lipidico.

Os protocolos dos estudos foram aprovados pela Secretaria Municipal de Saude
de Juiz de Fora e pelo Comité de Etica em Pesquisa da UNIFESP (projeto n°® 0783/03).

Alguns resultados preliminares desses estudos foram apresentados no 14°
Congresso Brasileiro de Diabetes (Goiania), na forma dois posteres (n° 194 e 195) em
28 de novembro de 2003.
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ABSTRACT
Objective: To evaluate the metabolic control of a cohort of adult type 1 diabetes mellitus
(T1DM) patients, assisted in a public Diabetes Center (DC), that follows the rules of a

national diabetes society.

Methods: We compared the metabolic control and the characteristics of 175 T1DM patients
attended by a multidisciplinary team in a DC (test group) with 30 patients assisted only by

endocrinologists at a public endocrinology outpatient center (control group) along one year.

Results: The test group presented a larger proportion of well-controlled patients (p= 0.002).
The proportions (test group X control group) were the following: 51.4% X 16.7% in the
subgroup with A1C < 7%; 21.7% X 36.7% in the subgroup with A1C between 7.1% and
8.0%; and 26.9% X 46.7% in the subgroup with A1C > 8%. The patients assisted in the DC

presented a likelihood 4.38 times higher of reaching levels of A1C up to 7%.

Conclusions: This study shows the effectiveness of a DC and emphasizes the importance
of education, adherence and multidisciplinarity as cornerstones of the treatment, showing

that in developing countries it is possible to treat the T1DM with satisfactory results.

KEYWORDS: Diabetes Mellitus, Type 1 - Insulin - Health Services - Patient Education -

Brazil



RESUMO
Objetivo: Avaliar o controle metabdlico de uma coorte de pacientes adultos com diabetes
do tipo 1 atendidos em um Centro de Diabetes (CD) que segue as normas da Sociedade

Brasileira de Diabetes.

Métodos: Foram comparados o controle glicémico e as caracteristicas de 175 diabéticos
do tipo 1 atendidos por uma equipe multidisciplinar em um CD (grupo teste) com 30
pacientes assistidos em um ambulatério de endocrinologia geral (grupo controle) durante

um ano.

Resultados: O grupo teste apresentou uma maior proporcéo de pacientes bem
controlados (p= 0.002). As proporgdes (grupo teste X grupo controle) foram: 51,4% X
16,7% no subgrupo com A1C < 7%; 21,7% X 36,7% no subgrupo com A1C entre 7,1% e
8,0%; e 26,9% X 46,7% no subgrupo com A1C > 8%. Os pacientes atendidos no CD

apresentaram probabilidade 4,38 vezes maior de atingir niveis de A1C até 7%.

Conclusao: O estudo mostra a efetividade do CD e enfatiza a importancia da educacao,
aderéncia e da multidisciplinaridade como pedras angulares do tratamento, mostrando ser
possivel tratar o diabetes do tipo 1 nos paises em desenvolvimento com resultados

satisfatorios.



INTRODUCTION

Type 1 diabetes mellitus (T1DM) corresponds to approximately 10% of all the cases of
diabetes and affects between 10 and 20 million individuals worldwide (1). In about 40% of
the cases, T1DM appears during the adult age, which begins, in general, less dramatically
and eventually can be confused with type 2 diabetes in lean patients (2).

The prevalence of T1DM varies among the studied areas (3) and according to the
International Diabetes Federation (IDF) data, this disease is present in approximately 0.11%
of the general population of South American countries (4).

Nowadays, it is well established that a great percentage of primary and secondary
prevention of chronic diabetes complications can be achieved with a good glycemic control -
levels of glycated hemoglobin (A1C) up to 7% - as much in T1IDM (5) as in type 2 diabetes
mellitus (T2DM) (6), resulting in a reduction of its morbi-mortality and costs (7-9). There are
studies showing that in T1DM a significant increase of the prevalence of microangiopathic
complications occur when A1C levels are higher than 8%, suggesting such level to be the
maximum accepted limit (10-12).

In developing countries, although DM represents a serious public health concern, strict
glycemic control is difficult to achieve, owing to financial constraints, cultural obstacles, and
lack of adequate infrastructure underlying public services. However, it is known that even in
developed countries (13) the goal of reaching an ideal glycemic control is still a great
challenge.

In Brazil, the Ministry of Health has been implementing programs to reduce DM impact on
the population’s health and the national budget. One of the strategies adopted was to
stimulate and to implement the creation of Diabetes Centers (DC) where patients are
accepted to be cared for by a multidisciplinary team and receive enough insulin vials until
the next consultation. Conversely, the continuous supply of insulin is still a critical point in

many developing countries (14).
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Such Brazilian Diabetes Society guidelines began to be implemented more than a decade
ago, but so far, its impact on the glycemic control of DM patients has not been evaluated.
Considering that the adult's T1DM, in spite of being characterized for an insulinopenic state
(as in T1DM in the youth), has a more stable behavior (2), and taking into account the
complexity of the T2DM treatment (the approach to insulin secretion alteration, insulin
resistance, arterial hypertension and dyslipidemia that frequently occur in those patients),
we supposed that T1DM in the adult would be a good model for an initial evaluation of the
impact of a DC on the patients' glycemic control.

So, the objective of this study was to evaluate the glycemic control of a cohort of adult
T1DM patients, treated in a DC of a medium-sized city (Juiz de Fora, Brazil), which follows

the recommendations of the Brazilian Diabetes Society, during a one-year period (2003).

MATERIAL AND METHODS

Type 1 Diabetes Mellitus population studied

According to the Brazilian Diabetes Society calculation method it is estimated that there are
about 7,632 diagnosed diabetics in Juiz de Fora (approximately 763 Type 1 and 6,869 Type
2) out of a population of 439,716 inhabitants (15).

Description of the outpatient centers

The DC of the Public Health Office of Juiz de Fora has a waiting room, five medical offices,
a meeting's room with audiovisual system, an insulin storage room, and offices for a social
assistant, a nutritionist and a head nurse/diabetes educator. In addition, there is a pre-
appointment's room where the nurse checks patient's body weight, height, blood pressure,
abdominal circumference and capillary blood glucose. After the doctor's appointment, the
patient receives the insulin vials with a kit for application and the next consultation is
scheduled.

The DC patients benefit from the services of a multidisciplinary team comprised of five

endocrinologists, a nutritionist, a social assistant, three nurses, two administrative
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auxiliaries, and a head nurse certified by the Ministry of Health in diabetes education. When
the patient is admitted to DC or whenever a doctor detects some situation that jeopardizes
the treatment compliance, the head nurse supplies information to the patient about insulin
use, diet, hypoglycemia, foot care and lifestyle. The patients attend bimonthly meetings with
all the DC board, in groups of up to 10 patients, where the education strategies are focused
using audiovisual methods and discussion groups about nutrition, exercise regimens and
foot care, among other topics. The consultations with each member of the DC board last
about 60 minutes.

The DC distributes about 4,000 NPH insulin vials a month. At the DC, a great emphasis is
placed upon education and the necessity of bimonthly appointment, which is a condition to
the patient still receive continuous free insulin.

Juiz de Fora City has also a public general endocrinology center (EC) where, unlike the DC,
any kind of endocrinopathy is treated. At the EC only endocrinologists attend the patients
without a multidisciplinary approach.

Due to the fact that at both the DC and the EC only NPH insulin is available, all patients are
treated with 1 or 2 daily applications of this kind of insulin (fasting and bedtime). The DC
and the EC do not offer dipsticks for self-management (capillary glycemia or glycosuria) and
the patients' metabolic control is assessed according to A1C and fasting blood glucose
(FBG) levels.

Patients

One hundred and seventy five patient records of adult T1DM patients who have received
the whole multidisciplinary support available in the DC were analyzed (test group). The
records of 30 adult T1DM patients in attendance at the EC were took as a control group.
T1DM was classified as the patients for whom the use of insulin was necessary since the
onset of the symptoms in order to normalize the glycemic levels, in agreement with the

World Health Organization criteria (16).
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Patients with T1DM were eligible for inclusion if they were aged equal or above 20 years old
at diagnosis and had at least six consultations at the DC in 2003. The patients from the EC
have attended up to three consultations during the same period. None of the studied
patients had clinical signs of chronic complications. The local ethics committee approved
the study.

Methods

The annual (2003) average of the A1C (high performance liquid chromatography, normal
value up to 6%) and fasting plasma glucose - FPG - (enzymatic colorimetric method, normal
value: 70 to 100 mg/dl = 3.9 to 5.6 mmol/l) were calculated for each patient.

Aiming to assess glycemic control, all patients in our study were divided in three subgroups
according to the A1C value: subgroup A (A1C up to 7%), subgroup B (A1C between 7.1 and
8%) and subgroup C (A1C higher than 8%).

The age and patient's gender were analyzed along with DM duration in years, age at the
diabetes onset, mean body mass index (BMI) in kg/m?, daily mean NPH insulin dose in
U/kg/day, number of daily insulin applications, patient compliance and acute complications
from the database.

In the present study, it was considered as a dietary indiscretion the reported consumption of
food with sucrose at least three times a week (17), without including the use of sweets
consumed during hypoglycemic episodes. It was considered as a drug misuse any omission
in the insulin use reported by the patient (18).

To evaluate the occurrence of acute complications, only hypoglycemic episodes in which
the patient reported the classic symptoms followed by an improvement after the ingestion of
sweets were computed, having been considered as serious the hypoglycemia that needed
the help of others, or with loss of consciousness (19). The ketoacidosis episodes were

computed after being confirmed by the hospital discharge summary.
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In order to compare the glycemic control between the test (DC) and control (EC) groups the
patients' proportions were considered, in both groups, according to the three subgroups of
A1C.

Statistical analysis

Continuous variables are expressed as mean + SD (standard deviation). The categorical
variables are expressed as proportions. The comparison of means among the three
subgroups was analyzed through the one-way ANOVA, the differences between two means
through the Student's t-test (double tail) and the differences among proportions through the
chi-square or Fisher's exact test. A logistic binary regression was performed in the whole
sample (205 patients) in order to quantify the association between the treatment center (DC
or EC) and the glycemic control (outcome), considering other variables that could affect the
A1C levels. A p value less than 5% was considered statistically significant. The statistical

package Minitab version 14.0 was used to analyze the data.

RESULTS

Description of the test (DC) and control (EC) groups

The test and the control groups were similar to each other in relation to age, gender, time of
DM diagnosis, age at clinical picture onset, BMI, number of daily applications of insulin,
mean daily dose of insulin, proportion of reports of insulin misuse, and hypoglycemia and
ketoacidosis episodes. In the control group, there were more reports of dietary indiscretions
and the daily amount of NPH insulin used was greater. The means of the A1C and FPG
were lower in the test group, without any overlap between the 99% confidence intervals.
These results are summarized in Table 1. The patients' proportion with A1C > 7% that took
two applications was greater than those who took just one application in both the test group

(p= 0.039) and the control group (p= 0.041), as verified by the Fisher's exact test.
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Analysis of the test group (DC) according to A1C values

The three subgroups (A, B and C) of the test group were similar to each other regarding
age, gender, time of DM diagnosis, age of DM onset, mean daily dose of NPH insulin, BMI,
number of reports of dietary indiscretions and drug misuse, and number of hypoglycemia
reports. In the subgroups with A1C > 7% (B and C) the patients' proportion that took 2 daily
applications of NPH insulin was greater. The only three ketoacidosis reports in the test
group occurred in the subgroup B. The mean values of A1C were the following: 6.0 + 0.67%
in the subgroup A, 7.51 £ 0.3% in the subgroup B and 9.6 £ 1.15% in the subgroup C. The
results are showed in Table 2.

Comparison of glycemic control (DC X EC)

Comparing the test group with the control group, the former presented a higher proportion
of well-controlled patients (x> = 12.45, df = 2, p= 0.002). The proportions (test group X
control group) were the following: 51.4% X 16.7% in subgroup A (A1C < 7%), 21.7% X
36.7% in subgroup B (A1C between 7.1% and 8.0%) and 26.9% X 46.7% in subgroup C
(A1C > 8%), as illustrated in Figure1.

Impact of the DC approach

The logistic regression analysis performed had as a dependent binary variable the groups
with A1C up to 7% and A1C > 7%. The numeric independent variables were the patients'
age, time of DM diagnosis, mean insulin daily dose and number of daily insulin applications.
The independent binary variable was the treatment center (DC X EC). The results showed
that age (p= 0.307), time from DM diagnosis (p= 0.801), daily insulin dose (p= 0.284) and
number of applications (p= 0.082) did not present significant influence on the tested
outcome (A1C up to 7% X A1C > 7%). However, the center where the patient was assisted
was the factor of decisive influence (p= 0.006, positive coefficient of 1.48), showing that
patients assisted at the DC presented a likelihood 4.38 times higher of presenting levels of
A1C up to 7% (OR = 4.38, 95% CI = 1.53 to 12.57, p= 0.006). All the assumptions of the

logistic regression analysis were verified (Log-Likelihood test: p < 0.001) and the model's
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goodness-of-fit was confirmed by the tests of Pearson (p= 0.415) and Hosmer-Lemeshow
(p= 0.108). The association measures were solid (Goodman-Kruskal Gamma coefficient =

0.34) (20).

DISCUSSION

According to the estimated T1DM prevalence and the population of the city studied our work
included about 23% of them. There are patients that do not adapt to the DC regimen, such
as consultation periodicity and participation in the weekly groups of DM education.

In the period of the study (1 year), there was a significant proportion of patients with
desirable metabolic control in the test group, despite the fact that all patients (due to a
limitation of basic resources, like fast-acting insulin and dipsticks for self-management
supply) were treated with conventional insulin therapy (one or two daily applications of
NPH). However, similar reports exist both in national and international literature (21,22). As
our sample was composed by adult T1DM patients, perhaps with a larger endogenous
insulin reserve (23), glycemic control may have been facilitated. Data from a Belgian study
of children and adolescents using up to two daily insulin doses, showed that 62% of the
studied group reached a good metabolic control (22), as well as demonstrated by another
Brazilian study (21).

The frequency of DC consultations (which was bimonthly in our study), specialists care and
a structured DM education service might have collaborated in obtaining results with the use
of conventional insulin therapy (22,24).

This approach with one or two daily insulin applications, for several reasons, is still
frequently used in several countries in the treatment of T1IDM. A multicentric study (13)
involving 18 countries showed that 60% of the T1DM patients were in the regimen of two
daily insulin doses and 34% of them presented good glycemic control - an inferior
percentage in comparison to our group and in the studies previously mentioned (21,22),

perhaps because the analyzed patients had not been assisted in structured DCs.
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Anyway, regardless of the therapeutic modality utilized, the percentage of patients that do
not reach the ideal metabolic control worldwide is still high even with intensive insulin
therapy, including developed countries (10,24,25).

It is known that T1DM is a disease that requires great commitment by patients to reach the
desired goals. The patients' compliance is difficult to achieve, perhaps providing an
explanation to difficulty to get the desired metabolic control, as mentioned above.

It is plausible to presume that the multidisciplinary team's effort for improving the patients'
adherence explain the relatively high amount of patients with better metabolic control at the
DC (26).

In regards to the ideal metabolic control (A1C up to 7%), 51.4% of the patients assisted at
the DC reached such goal, versus only 16.7% in the control group. In addition, it was
statistically confirmed that the patients assisted at the DC presented a likelihood 4.38 times
higher of reaching levels of A1C up to 7%.

The characteristics of the patients studied, such as gender, duration of the disease, age at
the onset of the disease, mean dose of insulin used and BMI do not differ from other
national (27-29) and international (5) studies. Given a more advanced age of our patients, it
is possible that some of them presented LADA, although patients with LADA sometimes do
not require insulin at diagnosis (30).

The T1DM diagnosis could not be confirmed with laboratorial methods, since autoantibody
measurement was not available where the study was carried out; furthermore nowadays the
precise diagnosis of T1DM is far from straightforward (2, 31-34).

In the test group, the patients with worse metabolic control used two insulin applications
more frequently than the group with better control. It is probable that the option of changing
from one to two applications had been based on this criterion. Although a study
accomplished in Belgium demonstrated no difference in the metabolic control of patients

using insulin two or four times a day (22).
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The number of reports of dietary indiscretions and drug misuse was equivalent in the three
studied subgroups of the test group. In the control group, there were more dietary
indiscretions, showing fewer adherences of these patients.

There were 43 hypoglycemia reports in our sample without the need of help from others for
the patients' recovery. In fact, the studies show that the frequency of serious hypoglycemia
is directly related to intensive glycemic control (5,35).

The four episodes of reported ketoacidosis occurred in patients due to omission of insulin
use.

Anyway, 26.9% of the patients of the test group maintained levels of A1C above 8%.
Besides the possibilities discussed above, it is probable that the simultaneous use of fast-
acting insulin and self-management could improve this situation. Accordingly to Almeida et
al (29), in Latin America only Brazil, Cuba and Costa Rica distribute insulin gratuitously, and
only Costa Rica, among 12 studied countries, supplies necessary material for the patients'
self-management.

Several limitations of our study must be considered concerning the generalization of our
results. We studied adult T1DM with a probably better insulin reserve, our patients were
very adherent to the proceedings of the DC and we carried out a historical cohort analysis
(in the future prospective clinical trials may assess our results).

Besides, in our study it is possible that mild hypoglycemia episodes may have occurred and
this fact could be related to the found A1C levels, although in the control group the mean
dose of NPH insulin was larger. We could not evaluate this fact due to the lack of self-
management of the capillary glycemia.

Probably the chief fact that could explain our relatively good results concerning the glycemic
control is that all the patients were completely adherent to the DC rules, furthermore other
studies showed that when the therapeutic strategies are very complex it can impair the

patients’ adherence (36,37).
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To sum up, this study demonstrated that patients attended by a structured multidisciplinary
team, with emphasis on the patient's education with good adherence, continuous supply of
insulin, were capable of reaching satisfactory results even without resources for self-
management of the glycemia and using only NPH insulin, evidencing that in developing
countries it is possible to improve the patients' glycemic control even when intensive insulin

therapy is not available.
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TABLES

Table 1 - Characteristics of patients in the test group and control group after one year.

22

Test Group (n=175) Control Group (n = 30) p value
Age (years) 424 £14.2 42.6 +13.2 0.949
Gender (M/F) 83/92 13117 0.698
Disease duration (years) 12.9+9.2 125+8.5 0.812
Age at DM onset (years) 294 +84 30.0£12.0 0.721
FPG (mmol/l)* 9.6+25[9.1t010.1] 11.0+1.6[10.2to 11.8] 0.003
A1C (%)* 7.28 +1.70[6.94 to 7.61] 8.36 £ 1.07 [7.82 to 8.99] 0.001
NPH mean dose

0.98 + 0.47 1.23 £ 0.94 0.025

(U/kg/day)*
BMI (kg/m?) 27.3 £17.1 28.6+4.4 0.679
Number of doses
(1 dose/2 doses) 50/125 6/24 0.383
Dietary indiscretions*® 42 13 0.043
Drug misuse 24 5 0.776
Hypoglycemic episodes 40 3 0.149
Ketoacidotic episodes 3 1 0.472
Number of consultations 6 upto 3 -

Data are n or mean + SD. Values between brackets represent the 99% confidence interval.
*p< 5%. To convert mg/dl to mmol/l the used factor was 0.05551.
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Table 2 - Characteristics of patients in the test group, according to the A1C interval after one

year.

Subgroup A (n =90) Subgroup B (n=38) Subgroup C (n=47) p value
A1C <7% A1C: 7.1% t0 8.0% A1C > 8.0%

Age (years) 41.7 £ 13.7 412+ 146 446 +14.8 0.459
Gender (M/F) 45/45 19/19 19/28 0.532
Disease
duration (years) 12.5+89 126 £9.7 14.2+94 0.595
Age at DM
onset (years) 29.2+8.3 28.6 £ 8.2 30.4+£8.9 0.596
NPH mean
dose (U/kg/day) 0.95+0.46 1.10+£0.42 1.04+0.5 0.211
BMI (kg/m?) 27.8 £ 23.1 26.0+5.9 27.2+64 0.855
Number of
doses (1 dose/2 32/58 4/34 14/33 0.016
doses)
Dietary
indiscretions 22 7 13 0.606
Drug misuse 13 8 3 0.142
FPG (mmol/l)* 7.7+1.0 10.0+04 13.1+1.7 0.001
Hypoglycemic
episodes 23 7 10 0.650
Ketoacidotic
episodes* 0 3 0 0.006

Data are n or mean + SD. *p< 5%.
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Figure 1 - Patients' proportions according to the A1C level subgroups in the test group (n = 175)

and in the control group (n = 30).
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Abstract

Fifty-seven type 2 diabetic patients with metabolic syndrome and on
insulin were assessed by a paired analysis before and 6 months after
addition of metformin as combination therapy to evaluate the impact
of the association on glycemic control, blood pressure, and lipid
profile. This was a historical cohort study in which the files of type 2
diabetic patients with metabolic syndrome on insulin were reviewed.
The body mass index (BMI), waist circumference, lipid profile, A1C
level, fasting blood glucose level, daily dose of NPH insulin, systolic
blood pressure, and diastolic blood pressure were assessed in each
patient before the start of metformin and 6 months after the initiation
of combination therapy. Glycemic control significantly improved (P <
0.001) after the addition of metformin (14044 + 565.5 mg/day), with
14% of the 57 patients reaching AlC levels up to 7%, and 53%
reaching values up to 8%. There was a statistically significant reduc-
tion (P < 0.05) of total cholesterol (229.0 £29.5 to 214.2 + 25.0 mg/
dL), BMI(30.7 + 5.4 to 29.0 £4.0kg/m?), waist circumference (124.6
+11.7 to 117.3 9.3 cm), and daily necessity of insulin. The reduction
of total cholesterol occurred independently of the reductions of AL1C
(9.65£1.03 to 8.18 £ 1.01%) and BMI and the reduction of BMI and
WC did notinterfere with the improvement of A1C. In conclusion, our
study showed the efficacy of the administration of metformin and
insulin simultaneously without negative effects. No changes were
detected in HDL-cholesterol or blood pressure.
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Introduction

The need for strict glycemic control in
order to avoid or postpone the development
of late complications in patients with type 2
diabetes mellitus (DM2) has been well es-
tablished (1). It has been shown that the

onset of complications may be related to
glycosylatedhemoglobin (A1C)levels higher
than 7%, a situation that is even more likely
if glycemic control is poor, with ALC levels
above 8% (2). Although the initial manage-
ment of DM2 involves lifestyle changes and
oral hypoglycemic drugs, a significant num-
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ber of patients will need insulin in order to
reach satisfactory glycemic control (3). Fur-
thermore, DM2 does not mean glycemic
alterations alone since this disease is associ-
ated with cardiovascular risk factors such as
dyslipidemia, systemic arterial hypertension,
and obesity (4). This association is clinically
relevant since over 50% of deaths among
DM2 patients are due to cardiovascular dis-
ease (3).

Treatment of DM2 must include pharma-
cological agents able to improve not only
glycemic levels, but also blood pressure (BP),
lipid levels, and body weight, since in ap-
proximately 90% of type 2 diabetics hyper-
glycemia is associated with other cardiovas-
cular factors that constitute the metabolic
syndrome.

Several studies (6,7) have demonstrated
that, in order to prevent the development and
progression of chronic complications of dia-
betes, a comprehensive approach to all ele-
ments of the metabolic syndrome is required.
The main feature of the metabolic syndrome,
which can be clinically assessed by measure-
ment of the waist circumference (WC) when-
ever more sophisticated laboratory methods
are not available (8), is insulin resistance.

After metformin proved to be effective in
reducing insulin resistance (9), several stud-
ies were undertaken to assess its effects on
total cholesterol (TC), triglycerides (TG),
and HDL-cholesterol (HDL-C) levels, and
also on BP and body mass index (BMI).
However, there is no consensus about its
beneficial effects on these parameters (10).
Most studies have analyzed independent
samples, comparing patients on insulin with
patients on combined insulin-metformin
therapy (11-13) with no conclusive results.

The objective of the present study was to
assess a group of DM2 patients with meta-
bolic syndrome, on insulin, before and 6
months after the introduction of metformin
as combined therapy, so as to evaluate the
effect of this association on glycemic con-
trol, BP, and the lipid profile.

C.A. Mourdo-Janior et al.

Patients, Material and Methods
Data collection

We undertook a historical cohort study
by assessing the medical files of type 2
diabetic patients with metabolic syndrome,
on insulin, seen at a public diabetes-dedi-
cated facility in a medium-sized Brazilian
city (Juiz de Fora). All patients were fol-
lowed up bimonthly by a team composed of
four endocrinologists, a nutritionist, and a
diabetes-trained nurse.

Patient selection

We selected files of patients who had
been on twice daily injections of NPH insu-
lin and who had metformin added to their
therapy. Any file that showed any dietary
indiscretion or drug misuse was not utilized
in the study. A dietary indiscretion was de-
fined as the intake of sucrose-containing
foods three or more times a week, not con-
sidering the use of sweet foods taken during
hypoglycemic episodes. A drug misuse was
defined as any failure to take the prescribed
drugs, as reported by the patient.

To avoid the inclusion of late-onset type
1 DM patients in the sample, we studied only
patients with documented control of their
disease with oral hypoglycemic drgs alone
for at least 5 years before they began insulin
treatment, and who showed no evidence of
previous episodes of ketoacidosis. All pa-
tients followed the same diet, prescribed and
monitored by the nutritionist.

The patients were diagnosed as having
metabolic syndrome if they fulfilled at least
3 of the National Cholesterol Education Pro-
gram - Adult Treatment Panel IIT (NCEP
ATP III) criteria (14). Although other crite-
ria exist, as the World Health Organization
criteria, the NCEP ATP III was the most
widely used classification at present (6).

All patients had type 2 diabetes mellitus
(blood glucose >126 mg/dL.), high triglycer-
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ide levels (>150 mg/dLL), and increased WC
(women: >88 c¢cm; men: >102 ¢m). Table 1
shows the patients’ characteristics.

A patient on anti-hypertensive or lipid-
lowering drugs was only included if there
was no change in the dosages of these drugs
throughout the study period. Full attendance
of scheduled consultations was another in-
clusion eriterion.

Variables studied

BMI, WC, lipid profile (TC, HDL-C, and
TG), AlLC, fasting blood glucose (FBG),
daily dose of NPH insulin, systolic blood
pressure (SBP), and diastolic blood pressure
(DBP) were measured in each patient before
the start of metformin and 6 months after
initiation of combined therapy.

Weight measurements were made only
once, with a digital scale with a maximum
capacity of 180 kg and precision of up to 100
g. The patients were weighed in their under-
wear after carefully stepping onto the center
of the scale.

Height was measured only once, with a
l-mm precision tape measure fized to the
wall, with the zero mark at floor level. The
patients were standing, with bare feet kept
together, and with heels and occiput touch-
ing the tape.

For WC measurement, the patients were
standing, with abdomen relaxed, upper limbs
falling along the body, and the tape placed
horizontally, halfway between the lower
margin of the last rib and the iliac crest; the
measurements were made with the tape firmly
applied to the pelvis but without tissue com-
pression. A flexible 1-mm precision tape
measure was used.

Blood pressure was measured three times
within a 10-min interval on the left arm, with
the patient in the supine position, after a 3-
min rest, with a calibrated mercury sphyg-
momanometer.

TC, HDL-C, TG, and FBG levels were
measured by the colorimetric method, with

maximum acceptable values of 240 mg/dL
(TC), 200 mg/dL. (TG), and 110 mg/dL
(EBG). The minimum acceptable value for
HDL-C was 35 mg/dL. A1C was measured
by high-performance liquid chromatogra-
phy (normal reference for stable A1C in
non-diabetic patients is 2.8 to 3.2%, accord-
ing to the National Glycohemoglobin Stan-
dardization Program). All laboratory deter-
minations were performed automatically. The
study was approved by the local Ethics Com-
mittee and all patients signed written in-
formed consent.

Statistical analysis

The data are reported as means + SD,
percentages (%) or 95% confidence inter-
vals (95% CI). All tests were two-tailed, and
the level of significance was set at P < 5%.

In order to compare the means of the
study variables before and after the intro-
duction of metformin, a paired #-test with
95% CI of the means was used. If the #-test
showed a difference for any variable stud-
ied, Pearson’s correlation test was performed
to check for possible intervening variables
{co-variance) by the analysis of the coeffi-
cient of determination (r2) andr 95% CL All
assumptions for the undertaking of paramet-
ric tests were checked and accounted for.
The statistical package GraphPad InStat,
version 3.06, for Windows (San Diego, CA,
USA) was used in the analyses.

Table 1. Characteristics of the cohort.

Demographics
N 57
Age (years) 589 + 8.0
Duration of diabetes (years) 159 + 5.7
Daily metformin dose (mg)  1404.4 + 565.5
Sex (male/female) 26/31

Concomitant medication
Lipidlowering drugs 18 (31)
Blood pressure-lowering drugs 32 (56)

Data are reported as means + SD or N (%).
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Results

Fifty-seven files met the inclusion crite-
ria and were analyzed in this study.

There was a statistically significant re-
duction of the daily dose of NPH insulin, of
BMI, WC and TC, and TG levels when the
values before and 6 months after metformin
were compared. Neither BP (SBP or DBP),
nor HDL-C suffered any alteration. Table 2
summarizes the comparative measurements.

Glycemic control improved significantly
(P < 0.0001) after the introduction of met-
formin, with a reduction of mean FBG and
AlC levels (Table 2). Furthermore, 14% of
the patients reached A1C levels of up to 7%,

Table 2. Comparison of clinical and laboratory variables before and 6 months after the

introduction of metformin.

Before After 95% Cl
A1C (%) 9.65 £ 1.03 818 + 1.01*  1.09t01.86
FBG (mg/dL) 2153 + 28.0 1672 £ 273" 37510586
Daily insulin dose (IU kg’ day'’)  0.83 + 0.39 069 + 036* 0.02t00.26
BMI (kg/m2) 30.7 = 54 29.0 £ 4.0° 011033
Waist circumference (cm) 1246 £ 11.7 117.3 £ 93" 36109
Total cholesterol (mg/dL) 2290 + 295 2142 £ 250° 49t0247
HDL cholesterol (mg/dL) 375 + 84 380+ 63 34t023
Triglycerides {mg/dL) 236.2 + 40.2 218.5 + 424" 1.5t034.0
Systolic blood pressure (mmHg) 158 + 25 156 + 18 -7t 11
Diastolic blood pressure (mmHg) 92 + 11 90 + 14 3to6

Data are reported as means + SD. A1C = glycohemoglobin level; FBG = fasting blood
glucose. P < 0.05 compared to before metformin treatment (Student #test).

Table 3. Pearson's correlation test applied to pairs of variables.

Variables P value t 95% Cl 12

TC and A1C 0.597 -0.072 -0.326 to 0.193 0.5%
TC and BMI 0.237 0.159 -0.106 to 0.403 2.5%
TC and WC 0.555 0.079 -0.185 to 0.334 0.6%
TG and A1C 0.605 0.070 -0.194 to 0.325 0.5%
TG and BMI* 0.007 0.354 0.102 to 0.562 12.5%
TG and WC* 0.033 0.282 0.023 to 0.505 8%

A1C and BMI 0.056 0.254 -0.007 to 0.483 6.4%
A1C and WC 0.926 0.012 -0.272 to 0.249 0.01%

TC = total cholesterol; A1C = glycohemoglobin level; BMI = body mass index; WC =
waist circumference; TG = triglycerides; r = correlation coefficient; 12 = coefficient of

determination. *P < 0.05.
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53% had A1C values of up to 8%, and 47%
had unsatisfactory glycemic control. Before
metformin introduction, all patients had A1C
>8%. Correlation tests showed that TC re-
duction was independent of reductions in
AlC, WC, and BMI. Reduction of BMI and
WC also did not interfere with glycemic
control. However, a slight correlation was
seent between reduction of TG and BMI (r? =
12.5%), and TG and WC (r? = 8%), suggest-
ing a certain degree of co-variance. The
correlations calculated can be analyzed by
the determination coefficients and 95% CI
shown in Table 3.

None of the files showed reports of se-
vere hypoglycemia, i.e., a situation needing
somebody’s help. Although there were 16
reports (28% of the sample) of transient,
mild gastrointestinal upset (dyspepsia) at the
beginning of metformin use, there was no
necessity of dose reduction or withdrawal.

Anti-hypertensive drugs were hydrochlo-
rothiazide, propranolol, and captopril. Pa-
tients with dyslipidemia used lovastatin and
gemfibrozil. These drugs probably did not
interfere with the results, as there was no
alteration in dose or type of drug used
throughout the study period.

Discussion
Glycemic control

The present study showed that the addi-
tion of metformin to a scheme of NPH insu-
lin administered twice daily improved gly-
cemic control of type 2 diabetic patients
with the metabolic syndrome after 6 months,
regardless of BMI reduction, as already
shown in other studies (11,12). Although
one study showed that metformin can lead to
WC reduction (15), the improvement of A1C
levels in our sample was independent of WC
reduction, indicating that metformin im-
proves sensitivity to the action of insulin by
mechanisms already described, such as inhi-
bition of hepatic gluconeogenesis (16). Al-
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though over half the patients reached ALC
levels below 8%, only 14% reached ideal
metabolic control (A1C up to 7%), and 47%
kept their ALC above 8%. More intensive
insulin therapy with fast-acting insulins and
self-monitoring might have led to better re-
sults (17). The mean FBG and A1C values of
our patients were similar to those reported in
other studies (11-13), although most studies
did not report the percentage of patients who
reached the established cut-off points for
AlC. Such information would have shed
light on the extent of glycemic control
reached at other centers, since the mean
value is sensitive to extreme values.

Lipid profile

The literature shows discrepant results
about the influence of metformin on lipid
profile(10). Some studies, in agreement with
ours, reported reduction only in TC levels
(18.19), while others reported reduction of
TC and TG with an increase of HDL-C
(20.21). Still other studies showed no changes
in lipid profile (22,23). Another investiga-
tion showed an association of metformin
with an improvement in the lipid profile
even in non-diabetic patients (24). New stud-
ies are needed to clarify this issue, since TG
and HDL-C are very important parameters
for the evaluation of metabolic syndrome.

A possible reason for these discrepant
results may be that the clinical studies cited
above analyzed data from independent
samples. In our study, this problem was
avoided by paired data analysis, in which
each patient was his own control, thereby
increasing the power of the statistical analy-
sis.
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4 CONSIDERAGOES FINAIS

4.1 Primeiro artigo

e O percentual relativamente alto de pacientes controlados com terapia convencional
pode ser atribuido a fatores como frequéncia de consultas (Qque no caso de nosso
estudo foi bimestral), atendimento por especialistas e um servico de educacdo em

diabetes estruturado.

e Nosso estudo mostra que apesar da terapia convencional o indice de sucesso no
controle metabdlico do grupo teste foi igual ou superior ao obtido em outros estudos (cf.
artigo 1) ressaltando a importancia da educagéao no tratamento do diabetes. Isso fica
claro quando analisamos a grande diferenca no controle metabdlico em relagdo ao
nosso grupo controle. Se levarmos em conta o controle ideal (A1C até 7%), no grupo
assistido pelo Centro de Diabetes, 51.4% dos pacientes atingiram tal meta, contra
apenas 16.7% no grupo controle. Além disso, ficou mostrado estatisticamente que os
pacientes atendidos no Centro de Diabetes apresentaram uma chance 4.38 vezes

maior de atingir niveis de A1C até 7%.

4.2 Segundo artigo

e Apesar de mais da metade dos pacientes ter atingido niveis de A1C menores que
8%, apenas 14% conseguiram o controle metabdlico ideal (A1C até 7%) e 47%
permaneceram com A1C maior que 8%. Talvez se os pacientes tivessem sido
submetidos a uma insulinoterapia mais intensiva com utilizagdo de insulinas de agao

rapida e automonitorizacéo os resultados pudessem ter sido melhores.

e Uma recente meta-analise que analisou 41 estudos sobre os efeitos da metformina
na pressao arterial e perfil lipidico mostrou que apenas a reducdo dos niveis de

colesterol total foi significativa (cf. artigo 2). Nossos resultados corroboram esses
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achados e mostram ainda que tal fato ndo foi dependente da reducao do indice de

massa corporea e da circunferéncia abdominal.

¢ A ndo-reducéo dos niveis de presséo arterial com a metformina em nosso grupo de
pacientes esta de acordo com varios outros estudos, apesar de existirem relatos de

reducdo da pressao arterial sistolica e diastélica com o uso desta medicacéo.

¢ Nossos resultados sao concordantes com os da literatura (cf. artigo 2) em relacéo a
acao da metformina na reducdo do indice de massa corpdérea, reducio da dose diaria

de insulina e efeitos adversos relatados com o uso das biguanidas.
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5 CONCLUSOES

¢ Pacientes portadores de diabetes melito do tipo 1 adultos assistidos por uma
equipe multidisciplinar bem estruturada, com énfase na educacdo e aderéncia do
paciente e no fornecimento continuo de insulina, foram capazes de atingir resultados
glicémicos satisfatorios, mesmo sem contar com a automonitorizagao da glicemia e uso
de insulina regular. Os dados deste estudo mostram que € possivel obter controle
glicémico satisfatorio sem a estrutura complexa utilizada nos tratamentos intensivos

com insulina.

e A adicdo da metformina a insulina possibilitou uma redugao significativa de
varios fatores de risco da doenca cardiovascular mesmo em pacientes portadores de

diabetes melito do tipo 2 de longa duragdo com sindrome metabdlica.
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6 ANEXO

Nas paginas seguintes serdo apresentados em forma de tabelas os dados

brutos (raw data) coletados durante a pesquisa.
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