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RESUMO
As préticas de Atencdo Farmacéutica no Brasil estdo estruturadas de forma a
promover a adeséo a terapia e qualidade de vida, especialmente relevantes no
contexto do diabetes mellitus tipo 2 (DM2), que representa um crescente
problema de salde publica mundial. Trata-se de uma desordem metabdlica
crbnica caracterizada pelo aumento no estresse oxidativo, que é relacionado ao
aparecimento das suas principais complicacbes. O DM2 esta relacionado a
tratamentos longos e complexos, que somado a presenca de comorbidades e
complicagbes interferem negativamente sobre a capacidade de cumprimento
da terapia. Ha relatos na literatura de que a aplicacao dos servi¢cos de atencéo
farmacéutica trouxe beneficios sobre o controle metabdlico e melhora da
adesdao a terapia de individuos com diabetes tipo 2. Neste trabalho foi avaliado
se 0 acompanhamento farmacoterapéutico realizado por seis meses em
pacientes com diabetes mellitus tipo 2 interfere no controle metabdlico, adesao
ao tratamento, qualidade de vida e em niveis de espécies pré e antioxidantes,
além da influéncia da terapia com insulina sobre esses parametros. A coleta
dos dados foi realizada antes e apds os seis meses de acompanhamento. 75
pacientes completaram o estudo, 44 individuos no grupo sem insulinoterapia e
31 no grupo em utilizacdo de insulina. Apés o acompanhamento, foi observada
uma melhora significativa da adeséo ao tratamento nos dois grupos avaliados.
De forma semelhante, houve incremento estatisticamente significante nas
pontuacdes dos dominios de qualidade de vida, exceto para o dominio fisico do
grupo com insulinoterapia. Nos parametros de estresse oxidativo avaliados,
houve uma diminuicdo dos niveis de éxido nitrico em ambos grupos e aumento
da concentracdo de superdxido dismutase para o grupo com insulinoterapia.
Estes resultados mostram que o acompanhamento farmacoterapéutico
proposto influenciou positivamente na adesdo a terapia, qualidade de vida e
nos niveis de estresse oxidativo e, portanto, pode contribuir para postergar o

aparecimento das principais complica¢des cronicas da doenca.

Palavras-chave: Atencdo farmacéutica, adesdo medicamentosa, qualidade de
vida, oxido nitrico, superéxido dismutase.



ABSTRACT

The practices of Pharmaceutical Care in Brazil are structured to promote
medication adherence and quality of life, especially relevant in the context of
type 2 diabetes mellitus (T2DM), which represents a growing problem of global
health. It is a chronic metabolic disorder characterized by an increase in
oxidative stress, which is related to the appearance of its main complications.
T2DM is related to long and complex treatments, presence of comorbidities and
complications which, together interfere negatively in the adherence to therapy.
There are reports in the literature that the application of pharmaceutical care
services has brought benefits on metabolic control and improved medication
adherence of individuals with type 2 diabetes. In this study, it was evaluated if
the pharmacotherapeutic follow-up performed for six months in patients with
type 2 diabetes mellitus interferes in metabolic control, treatment adherence,
quality of life and levels of pro and antioxidant species, besides the influence of
insulin therapy on these parameters. Data collection was conducted before and
after the six months of follow-up. 75 patients completed the study, 44 in the
non-insulin therapy group and 31 in the insulin therapy group. After follow-up,
an improvement in medication adherence was observed in the two groups with
difference. Similarly, there was a significant increase in the quality of life scores,
except for the physical domain in insulin therapy group. In the oxidative stress
parameters evaluated, there was a decrease in nitric oxide levels in both groups
and an increase in superoxide dismutase concentration for the group with
insulin therapy. These results show that the proposed pharmacotherapeutic
follow-up positively influenced on the medication adherence, quality of life and
oxidative stress levels, and therefore, may contribute to delay the onset of the

main chronic complications of the disease.

Key words: Pharmaceutical care, medication adherence, quality of life, nitric

oxide, superoxide dismutase.



ADA
AGE
ANOVA
AOPP
DAG
DCCT
DM
DM2
EASD
EDTA
ERO
ERN
GJ
GLP-1
HAS
HbAlc
IDF
MDA
NADH
NADPH
NO
NOS
RAGE
RI

SBD
SOD
UDP
UKPDS
USF
WHO

LISTA DE ABREVIATURAS E SIGLAS

American Diabetes Association

Advanced Glycation Endproducts

Analise de variancia

Produtos avancados de oxidacao protéica
Diacilglicerol

The Diabetes Control and Complications Trial Research Group
Diabetes mellitus

Diabetes mellitus tipo 2

European Association for the Study of Diabetes
Acido etilenodiaminotetracético

Espécies reativas de oxigénio

Espécies reativas de nitrogénio

Glicemia de jejum

Glucagon like peptideo-1

Hipertenséo arterial sistémica

Hemoglobina glicada

International Diabetes Federation
Malondialdeido

Dinucleotideo de adenina e nicotinamida
Fosfato de dinucleotideo de adenina e nicotinamida
Oxido nitrico

Oxido nitrico sintase

Receptor for advanced glycation end products
Resisténcia a insulina

Sociedade Brasileira de Diabetes

Superoxido dismutase

Uridina difosfato

United Kingdom Prospective Diabetes Study
Unidade de Saude da Familia

World Health Organization


http://www.idf.org/

SUMARIO

I, REVISAO BIBLIOGRAFICA ..ottt 9
REFERENCIAS ..ottt 22
Y (T PP 26
Comprovante de submisséo de artigo a periodico indexado..............cceeeveeennns 27
Y 0153 = Lo PP PPPPPPPPPP 28
Lo INEFOAUCTION L.ttt 30
2. MEENOAS ... 31
2.1 Study design and popuUIatioN ...........ccceviiiiiiiiiiiiiiiiieee e 31
2.2 Pharmacotherapeutic follow-up instrument and data collection .......... 32
2.2.1 Medication adNErENCE ..........uuuuruuiiiiiiiiiiiiiiiiiiiiiiie e 33
2.2.2  Quality Of lifE . ... 33
2.2.3 Anthropometric and biochemical parameters ...............cccceevvvvnnnnn. 33

2.3 Oxidative Stress analySiS..........cuuuiiiiiieiiiiiiieie e 34
2.3.1 Determination of nitric oxide (NO)........cccoeeeeiiiriiiiiiiiie e, 34
2.3.2 Determination of superoxide dismutase (SOD).............cceevvvvvvnnnnn. 34
2.3.3 Determination of lipid peroxidation (TBARS) .........ccoeeevvivvvivnnnnnn. 34

2.3.4 Determination of Advanced Oxidation Proteins Products (AOPP) 35

2.4 Statistical analySiS..........ccooiiiiiiiiiiiiiii 35
3. RESUIS 35
4. DISCUSSION ....cciiiiiiiiiiiie et 41
F N N | @ 0 PR 52
ANEXO 2. et e e et e e e eaaans 57

ANEXO 03t 58



. REVISAO BIBLIOGRAFICA

O farmacéutico tem experimentado grandes mudancas no perfil de sua
atuacado. Nos estabelecimentos conhecidos como boticas, este profissional era
responsavel pela manipulacdo de medicamentos e cosméticos, e reconhecido
pela populagdo por seus conhecimentos sobre a produgéo e utilizagéo desses
produtos (SATURNINO et al, 2012). A partir da década de 1930, a
intensificacdo da industrializacdo do setor diminuiu o espaco do exercicio
dessas atividades, com o afastamento da relacdo entre o farmacéutico e o
paciente fazendo crescer a ideia dos medicamentos como um produto
simbdlico de saude (BRASIL, 2014).

Apds um periodo de incerteza do papel do farmacéutico como profissional de
salde, viu-se a necessidade dessa atuacao com o objetivo de assegurar 0 uso
racional de medicamentos nesse novo cenario. Na busca de direcionar a nova
pratica, foi-se desenvolvendo novas correntes de pensamentos, que passaram

a ser conhecidas no Brasil como Atencédo Farmacéutica.

A construcdo da atuacdo do profissional nesta area € recente e as primeiras
mudancas foram iniciadas em 1960, devido a necessidade de aperfeicoar a
farmacoterapia no ambito hospitalar, levando a uma primeira aproximacéo do
farmacéutico com a equipe de salde. Nos anos seguintes foi sendo estruturado
o conceito de Atencdo Farmacéutica, com o objetivo de estender o exercicio a
todos os niveis de atencdo. Este termo foi traduzido da expressédo em inglés
“‘Pharmaceutical Care”, utilizado pela primeira vez em 1990 pelos autores
Hepler e Strand, os quais classicamente a definem (PEREIRA; FREITAS,
2008).

A Atencdo Farmacéutica em seu conceito mais estruturado é tida como a
provisdo responsavel do tratamento medicamentoso com o objetivo de alcancar
resultados satisfatérios que melhorem a qualidade de vida dos pacientes
(HEPLER; STRAND, 1990). Neste campo, o farmacéutico assume seu papel
como profissional da saude com responsabilidades de acdo integrada com a
equipe de saude, centrada no usuario, para a prevencao, promocado e a

recuperacdo da saude e seus agravos (BRASIL, 2014).
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A nova orientacdo da atuacdo do farmacéutico como profissional de saude é
reconhecida por importantes documentos frutos de reunifes promovidas pela
Organizacdo Mundial da Saude (OMS), realizadas em Nova Deli (1988) e em
Toquio (1993), onde ficaram ratificadas a importancia do farmacéutico no uso
racional e seguro do medicamento e suas responsabilidades diante das
necessidades de atencdo a saude de usuarios e da comunidade (ANGONESI;
SEVALHO, 2010).

No Brasil, em 2001 foi realizado o Consenso Brasileiro de Atencao
Farmacéutica, com o objetivo de definir e adotar um modelo de conceitos e
estratégias para a pratica da Atencdo Farmacéutica. Neste documento foi
afirmado que a atencdo farmacéutica faz parte do contexto da assisténcia
farmacéutica, que esta relacionada aos processos que se iniciam com o
abastecimento de medicamentos até sua utilizacdo (OPAS, 2002). Foram

definidos ainda macrocomponentes que dao estrutura a esta pratica, e incluem:

1. Educacdo em saude (incluindo promocdo do uso racional de
medicamentos);

Orientacédo farmacéutica,

Dispensacéo;

Atendimento Farmacéutico;

Acompanhamento/seguimento farmacoterapéutico;

o 0k WD

Registro sistematico das atividades, mensuracdo e avaliacdo dos

resultados.

A implantagdo da Atencdo Farmacéutica no atendimento basico de salde
assegura o uso racional de medicamentos e a melhora da adesdo ao
tratamento, pela utilizacdo de ferramentas como a anamnese farmacoldgica,
avaliacdo da prescricdo em relacdo a farmacocinética e farmacodinamica, e
identificacdo de problemas relacionados a farmacoterapia do usuario. A
associacado da promocao do uso racional e melhora da adesao, busca em um
contexto geral, melhora da qualidade de vida dos usuarios, uma vez que torna
possivel a identificacdo de possiveis erros de administracdo, automedicacéo,
equivocos de prescricdo e eventos adversos. As ferramentas de avaliacao da

adesdo e qualidade de vida assumem importante papel neste contexto
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principalmente no manejo das doencas crbnicas, que sdo marcadas pela

polimedicacdo em tratamentos continuos.

Entre os grupos de doencgas cronicas mais prevalentes, destaca-se o diabetes
mellitus (DM), que representa atualmente um dos problemas mais significativos
de saude publica mundial, devido ao crescente numero de novos casos.
Estudos que avaliaram programas de cuidado farmacéutico em individuos
diagnosticados com diabetes mellitus tipo 2 conduzidos no Brasil, entre
pacientes assistidos pelo sistema publico de saude, mostram significante
reducado de indices glicémicos (BORGES et al., 2010), ilustrando a importante
atuacao deste profissional para o controle da doenca e prevencdo de suas
principais complicacbes. Neto et al., (2011), atravées da realizagdo de
acompanhamento farmacoterapéutico por um periodo de 36 meses, realizado
através de consultas farmacéuticas com pacientes idosos hipertensos e/ou
diabéticos, revelaram uma reducdo no risco de desenvolvimento de doencas
cardiovasculares, melhorando de forma indireta a qualidade de vida desses

individuos.

Desta maneira, o farmacéutico se mostra como um profissional chave no
processo do tratamento do diabetes devido ao seu potencial em contribuir para
melhores resultados do esquema terapéutico. O componente diferencial do
seguimento farmacoterapéutico é a associacdo dos resultados clinicos com o
processo de utilizacdo de medicamentos, tornando possivel a identificacdo de

possiveis causas de resultados clinicos negativos (CORRER et al., 2011).

Um estudo de prevaléncia de base nacional realizado no Brasil revelou um
pobre controle glicémico entre individuos com diabetes tipo 2, com 73% dos
individuos com niveis de hemoglobina glicada superiores ao preconizado para
controle da doenca (valor desejavel < 7%) (MENDES et al., 2010), mostrando a

necessidade da investigacéo de possiveis entraves para o éxito da terapia.

Dados epidemiologicos do diabetes mellitus mostram que prevaléncia global
dobrou quando comparada a de 1980, crescendo de 4,7% para 8,5%, entre a
populacdo adulta, em 2014. Para 0 mesmo ano, estima-se que a populacdo
mundial de doentes era de 422 milhées (WHO, 2016a), sendo 16,8 milhdes no
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Brasil (WHO, 2016b). Em 2012, aproximadamente 1,5 milhdo de pessoas
morreu em consequéncia direta do diabetes, sendo os niveis hiperglicémicos
associados a outros 2,2 milhdes de mortes, por aumentar o risco para doencas
cardiovasculares e para outras doencas (WHO, 2016Db).

Segundo a Organizacdo Mundial da Saude (OMS), o DM é definido como uma
sindrome de etiologia mdultipla, decorrente da falta e/ou incapacidade da
insulina exercer suas acbes de maneira adequada. E caracterizada pela
hiperglicemia cronica e alteracdes no metabolismo dos carboidratos, lipideos e
proteinas (ALBERTI; ZIMMET, 1998).

Os tipos mais frequentes de diabetes sdo o diabetes tipo 1 (DM1),
correspondendo a aproximadamente 8% dos casos e o diabetes tipo 2 (DM2)
que abrange cerca de 90% dos casos. O DML1 é resultado da destruicao das
células beta pancreaticas, por causa imunoldgica ou idiopatica, resultando na
deficiéncia de insulina. O DM2 é proveniente de causas genéticas e ambientais
que tém como resultado a resisténcia a insulina e o comprometimento da
funcdo secretora da célula beta pancreatica, sendo que uma ou ambas podem
estar presentes quando a doenca é identificada. Neste caso, a maioria dos
individuos € diagnosticada apds os 40 anos e a ocorréncia de DM2 esta
associada a ma alimentacdo, envelhecimento e sedentarismo (CAROLINO et
al., 2008).

Falhas na acdo e secrecdo da insulina evoluem de forma progressiva,
passando por estagios intermediarios, com glicemia de jejum alterada e
diminuicdo de tolerancia a glicose. O declinio progressivo da funcdo desta
célula que ocorre com a evolucdo da doenca pode ser acelerado por uma
terapia ou estilo de vida ndo adequados, e em um periodo de tempo variavel
estabelecem o diagndéstico de DM2 (SBD, 2017).

As complicacdes do DM séo classificadas em agudas e cronicas. Entre as
complicacbes agudas estdo a hipoglicemia, cetoacidose e coma hiperosmolar
(TIWARI et al., 2013). As complica¢des crénicas podem ser macrovasculares
(doenga cardiaca coronariana, doenca vascular periférica e doenca

cerebrovascular), e microvasculares, referidas como especificas do DM, que
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sdo a retinopatia, nefropatia e neuropatia diabética (ASMAT; ABAD; ISMAIL,
2015). Pelo risco de desenvolvimento dessas complicacdes, o risco de morte
por problemas cardiovasculares aumenta duas a seis vezes, além de
incrementar outros incidentes macrovasculares, como o acidente vascular
cerebral e amputacfes (BUYSSCHAERT; HERMANS, 2014).

Em virtude disso, o DM representa um consideravel encargo econémico para o
individuo e para a sociedade, especialmente quando mal controlado, sendo a
maior parte dos custos diretos de seu tratamento relacionado as suas
complicacbes, que comprometem a produtividade, a qualidade de vida e a
sobrevida dos individuos (MCLELLAN et al., 2006, 2007). Essa doenca é a
principal causa de amputacdo de membros inferiores (MOHAMMEDI et al.,
2016), de cegueira, e cerca de 26% dos pacientes que ingressam em
programas de dialise sédo diabéticos (BRUNO; GROSS, 2000; MOHAMMEDI et
al., 2016).

O tratamento do diabetes requer mudanca no estilo de vida, educacdo em
salde e esta associada a atengéo primaria recebida, relacionando-se ao papel
ativo da estratégia multiprofissional na promocdo do controle do DM2
(CAMERON, 2006). As intervencfes recomendadas pela Sociedade Brasileira
de Diabetes (SBD) sdo baseadas em algoritmos de importantes associacoes
envolvidas no estudo do diabetes, como da “American Diabetes Association”
(ADA) e da “European Association for the Study of Diabetes” (EASD). A
instituicdo brasileira adota metas mais rigidas de controle glicémico e considera
um adequado controle glicémico, para aqueles com DM2, quando os niveis de
glicemia de jejum sdo abaixo de 100 mg/dL, pré-prandial menor que 100
mg/dL, pés-prandial até 600 mg/dL e hemoglobina glicada de 7% para adultos,

e entre 7,5 e 8,5% para idosos.

As abordagens terapéuticas incluem medidas n&o farmacologicas e
farmacoldgicas, conforme o quadro clinico apresentado pelo individuo. A
primeira medida consiste na ado¢do de uma alimentacdo adequada e na
pratica de atividades fisicas regulares, contribuindo para a melhora da
sensibilidade a insulina, diminuicdo de glicemia e perfil lipidico, importantes

para retardar a doenca cardiovascular e outras complicagbes do DM2
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(BUYSSCHAERT; HERMANS,  2014). Usualmente, 0S  recursos
medicamentosos sdo empregados em um segundo momento da terapéutica,
diante da incapacidade de controlar os niveis glicémicos pela adoc¢do das
medidas ndo farmacol6gicas. Neste modo, a utilizacdo de medicamentos
isoladamente ou em associacdo tem como objetivo alcancar normoglicemia,

sem o excessivo risco de hipoglicemia.

Os agentes antidiabéticos orais sdo divididos em classes, conforme seu
mecanismo de acao, e incluem: os que aumentam a secrecdo de insulina
(hipoglicemiantes); os que ndo a aumentam (anti-hiperglicemiantes); os que
aumentam a secrecdo de insulina de maneira dependente de glicose, além de
promover a supressdo do glucagon; e os que promovem glicosuria (sem

relacdo com a secregdo de insulina) (SBD, 2016).
1. Agentes hipoglicemiantes:

Compreendem as sulfonilureias (clorpropamida, glibenclamida, gliclazida,
glipizida e glimepirida) e metiglinidas (nateglinida e repaglinida), que
promovem reducdo de hemoglobina glicada em até 2% e estdo associadas

ao desenvolvimento de hipoglicemia.
2. Agentes que ndo aumentam a liberacao de insulina:

Seus efeitos no decréscimo da glicemia estdo associados de maneira geral,
a diminuicdo da absorcdo e producdo de glicose e acao sensibilizadora
periférica. Sao exemplos, o inibidor da alfaglicosidase (acarbose), as
biguanidas (metformina) e a glitazona (pioglitazona). Produzem um baixo
risco de hipoglicemia, e por isso sdo medicamentos de primeira escolha
para o tratamento de DM2.

3. Agentes que aumentam a producao de insulina dependente de glicose e

diminuem a secrec¢éao de glucagon:

Essas acgOes envolvem o peptideo semelhante a glucagon (GLP-1),
estabilizando-o (gliptinas), como efeito mimético (exenatida), ou como seus

analogos (liraglutida e a lixisenatida). O GLP-1 diminui a secrecdo de
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glucagon, aumenta a secrecdo e a sensibilidade a insulina. Esses
medicamentos podem ser utilizados em associagdo com outros agentes

antidiabéticos, como as sulfonilureias, biguanida ou glitazonas.
4. Agentes que aumentam a glicosuria:

Medicamentos desta classe impedem a reabsorcdo de glicose nos tubulos
renais proximais, com baixo risco de hipoglicemia, reducdo da presséo
arterial sistémica e perda de peso. S&o exemplos, a dapagliflozina,

empagliflozina e anagliflozina.

Durante o avanco da doenca, a diminuicdo da funcdo da célula beta 1 torna
dificil a manutencéo de niveis adequados de hemoglobina glicada apenas pela
utilizacdo de medicamentos orais, tornando necessaria a utilizacéo de insulina.
A terapéutica com este horménio deve ser iniciada quando, apds o consumo de
doses maximas de dois ou trés farmacos orais em alguns meses, o paciente
mantiver niveis de HbAlc > 7% ou > 8%. O manejo da insulinoterapia ocorre
de acordo com a situacao clinica do paciente, com a finalidade de mimetizar a
sua secrecao fisiologica (SBD, 2016).

A caracteristica progressiva natural do DM2 promove o0 aparecimento de suas
principais consequéncias crbnicas, que estdo, entre outras causas,
relacionadas ao desequilibrio oxidativo. Este se relaciona com o diabetes
modulando o aparecimento das principais complica¢cdes vasculares da doenca,
incluindo neuropatia, nefropatia, retinopatia e doenca coronariana (DCCT
RESEARCH GROUP, 1993; NIEDOWICZ; DALEKE, 2005). O dano endotelial,
por constituir etapa fundamental no desenvolvimento de lesGes ateroscleroéticas
e nas alteracdes micro e macrovasculares do diabetes, é objeto de estudo

constante.

O ponto inicial, no qual a hiperglicemia altera a funcdo vascular é no
desbalanco entre a biodisponibilidade do oxido nitrico (NO) e o acumulo de
espécies reativas de oxigénio (ERO), levando a lesédo tecidual (CREAGER et

al.,, 2003). Estas mudancas estdo relacionadas ao tempo prolongado de
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exposicdo a hiperglicemia, somados a hipertensédo arterial, dislipidemia e
susceptibilidade genética (PANENI et al., 2013).

7z

O termo espécies reativas € utilizado para representar espécies quimicas
compostas por radicais livres ou por moléculas capazes de gerar estes
radicais. A maioria das moléculas reativas esta dividida entre espécies reativas
de oxigénio (ERO) e de nitrogénio (ERN). Dentre as mais comuns, estao
inclusos o radical superéxido (O%") e o 6xido nitrico (NO'), que d&o origem a
radicais com grande potencial danoso como o radical hidroxil (HO"), radical
alcoxil (RO’ e peroxil (ROO’). Muitos desses radicais sdo convertidos em
moléculas oxidantes, como o peréxido de hidrogénio (H.O,), peroxinitrito
(OONO) e &cido hipocloroso (HOCI) (KUNWAR; PRIYADARSINI, 2011).

Em condi¢cdes fisiologicas, aproximadamente 2% do total de oxigénio
consumido pelo organismo € convertido em radical superéxido através da
cadeia respiratoria e fagocitose, e este € um elemento crucial para a formacéo
dos demais radicais. A quantidade deste radical se eleva durante infecgdes,
exercicio fisico, exposi¢cao a polui¢do, luz UV e radiacdo ionizante (KUNWAR;
PRIYADARSINI, 2011).

Em baixas concentracfes, as espécies reativas estdo ligadas a funcbes
fisiolégicas essenciais via modificagbes oxidativas reversiveis, como na
expressdo génica, crescimento celular e na resposta imune (KUNWAR;
PRIYADARSINI, 2011), sendo também importantes para manutencao do ténus
vascular e na acdo hormonal. A passagem da atuacdo benéfica para a
prejudicial envolve a estreita regulacdo da producdo dessas espécies
(PITOCCO et al.,, 2013), e desencadeia um processo denominado estresse

oxidativo.

O estresse oxidativo se estabelece quando ha um desequilibrio entre a
producdo de moléculas oxidantes e mecanismos de defesa antioxidantes
(LOPES; OLIVEIRA; FORTUNATO, 2008). Desta forma, pode ocorrer devido
ao aumento da produgdo de moléculas reativas, da depressdo do sistema
antioxidante, ou de ambos. A interacdo das espécies reativas com DNA,

lipidios e proteinas em um processo patoldgico, ocorre geralmente com
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modificacdes irreversiveis. O resultado desta condicdo é o acumulo de
biomoléculas modificadas irreversivelmente e dano tecidual associado
(PENNATHUR; HEINECKE, 2007).

As implicacbes patolégicas das espécies reativas dependem de diversos
fatores, como do sitio de geracdo e da natureza do substrato (KUNWAR,;
PRIYADARSINI, 2011), e estéo relacionadas a diversas doencas como cancer,
doencas neurodegenerativas, doencas inflamatorias crénicas, cardiovasculares
e diabetes mellitus (PITOCCO et al., 2010).

Os eventos centrais da fisiopatologia do DM2, a resisténcia insulinica e a
disfuncéo da célula beta pancreatica, ocorrem diante do desequilibrio de 6xido-
reducdo, assim como o0 desenvolvimento das principais complicacdes da
doenca (TIWARI et al., 2013). Em um ambiente hiperglicémico, a maioria das
células é capaz de limitar a entrada de glicose, portanto, a concentracdo de
glicose intracelular permanece constante. Entretanto, as células que sofrem
com a hiperglicemia sao aquelas que n&o conseguem limitar essa entrada de
maneira eficiente, resultando em altas concentragdes intracelulares de glicose.
As células beta pancreéticas também sofrem com maior intensidade os efeitos
da hiperglicemia, jA& que como caracteristica sdo umas das células que
possuem os menores niveis de defesa antioxidantes (TANGVARASITTICHAI,
2015).

Muitas vias bioquimicas sdo afetadas por esta condicdo, sendo que elas
convergem para a producdo de espécies reativas e a instalacdo do estresse
oxidativo. Essas vias incluem o aumento do fluxo de glicose e outros acucares
pela via dos polidis, aumento da formagédo intracelular de produtos finais de
glicacdo avancada (AGESs), ativacédo das isoformas da proteina kinase C (PKC)
e aumento da atividade da via das hexosaminas (BROWNLEE, 2001, 2005)
(figura 1).
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Figura 1 — Potencial mecanismo de vias bioquimicas mitocondriais envolvidas no aumento do
estresse oxidativo induzido pela hiperglicemia. Fonte: BROWNLEE, M. Biochemicstry and
molecular cell biology of diabetic complications. Nature, v. 414, n. December, p. 813-820,
2001.

O primeiro mecanismo descoberto foi 0 aumento do fluxo pela via dos polidis. A
via dos polidis é baseada na familia da enzima aldose redutase, que é
encontrada em tecidos como neurbnios, retina, glomérulos renais e células
vasculares, onde a concentracdo de glicose acompanha a glicemia. A enzima
tem a funcéo de reduzir aldeidos toxicos a alcoois inativos, entretanto quando a
concentragcdo intracelular se eleva, a enzima também faz a conversdo de
glicose a sorbitol, as custas de NADPH. Apés a formacao do sorbitol, esta
molécula é oxidada a frutose, pela enzima sorbitol desidrogenase, utilizando o
NAD+ como co-fator (BROWNLEE, 2005). O mecanismo de dano envolvido
nesta via decorrente do estresse oxidativo estd relacionado a deplecdo de
NADPH, ja que é um co-fator necessario para regenerar a gluationa reduzida,
uma molécula antioxidante importante. Reduzindo a disponibilidade de
glutationa reduzida, o aumento do fluxo pela via dos polibis aumenta a
suscetibilidade ao estresse oxidativo intracelular (GIACCO; BROWNLEE,
2010).

Os produtos finais da glicagdo avancada (AGEs) sé@o proteinas ou lipidios que

se tornam glicados ap0s a exposi¢do a aclcares oxidados, com modificacdes
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estruturais biolégicas importantes. Os AGEs séo formados por auto-oxidacéo
da glicose para glioxal, decomposicdo de produtos de amadori em 3-
deoxiglucosona ou fragmentacdo do gliceraldeido-3-fosfato em metilglioxal
(FOLLI, 2011). Estes produtos podem provocar danos celulares através da
alteracdo de proteinas intracelulares, pela modificacdo de moléculas da matriz
extracelular, e difundindo-se para o meio extracelular, sdo capazes de
modificar proteinas do plasma, como a albumina (BROWNLEE, 2005). Além
disso, a interacdo dos AGEs com seus receptores (RAGEs) promove a
ativacdo de NADPH oxidase, induzindo a formacéo intracelular de ERO. O
aumento dos niveis de ERO, por sua vez, leva a formacdo dos AGEs,
ocasionando os danos celulares citados. Do mesmo modo, a interacéo
favorece a ativagao do fator de transcricdo NF-k3, modulando o equilibrio de
oxido-reducao, apoptose e circulacdo de células progenitoras endoteliais
(FOLLI, 2011; GIACCO; BROWNLEE, 2010; NOWOTNY et al., 2015).

Em condi¢gbes de hiperglicemia cronica, o aumento da sintese de novo do
diacilglicerol (DAG) promove a ativagdo por fosforilagdo da maioria das
isoformas da proteina quinase C (PKC) (GIACCO; BROWNLEE, 2010). Essa
enzima esta envolvida em eventos de transducdo de sinais e que atua
catalisando a transferéncia de um grupo fosfato do ATP a varias proteinas
(BROWNLEE, 2001). A ativag&o excessiva e persistente das isoformas da PKC
ilustra a terceira via comum de inducdo do estresse oxidativo devido a

hiperglicemia no DM2.

A ativacdo anormal da PKC promove uma série de respostas metabdlicas
deletérias ao organismo, como a inducdo de anormalidades do fluxo
sanguineo, angiogénese, expressao de genes pro-inflamatorios e aumento da
producdo de ERO. Neste Ultimo caso, o estado de estresse oxidativo esta
relacionado a ativagdo da enzima NADPH oxidase (RAINS; JAIN, 2011). Em
células endoteliais vasculares, a ativagdo da PKC induzida pela hiperglicemia
eleva a producdo do anion superoxido via producdo de NADPH oxidase.
Recentemente alguns estudos mostraram que a ativacdo de uma das
isoformas da PKC é capaz de fosforilar a proteina adaptadora p66Shc, que

funciona como uma enzima redox implicada na diminuicdo da expressédo de
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enzimas antioxidantes, aumento da producdo de NADPH oxidase em
membranas celulares e na geracdo de ERO mitocondrial, que promove a
traducao de sinais oxidativos para a apoptose (PANENI et al., 2013; MAGENTA
et al., 2014).

O quarto mecanismo pelo qual a hiperglicemia interfere sobre o estresse
oxidativo ocorre pela via das hexosaminas. Diante da alta producéo de frutose-
6-fosfato em condi¢cbes de hiperglicemia, este produto metabdlico pode seguir
as demais etapas da via da glicélise ou ser dirigida para a via das hexosaminas
até seu o produto final, a UDP (uridina difosfato) N-acetil glucosamina. Esta
molécula é capaz de modificar fatores de transcri¢cdo resultando em mudancas
patolégicas na expressdo génica, com importantes implicacdes vasculares,
além de interferir na desregulacdo da enzima Oxido nitrico sintase (FOLLI,
2011; GIACCO; BROWNLEE, 2010).

Embora seja controverso, muitos estudos também reportam que no diabetes
tipo 2 h& concentracdes diminuidas de antioxidantes, como da superéxido
dismutase, glutationa, do &cido ascorbico e do tocoferol, no plasma e em
diversos tecidos (EVANS et al., 2002). Na auséncia de uma compensacéao
apropriada de defesa antioxidante, o estresse oxidativo aumentado ativa vias
sensiveis e induz a formacdo de produtos danosos a célula, contribuindo para
as complicacdes tardias do diabetes (CERIELLO, 2003).

A relacdo entre o diabetes e estresse oxidativo pode ser determinada pela
presenca de diversos marcadores. Entre os marcadores do status oxidativo
tem-se a mensuracdo das espécies reativas, a avaliacdo de agentes
antioxidantes e de produtos da interacdo das ER com lipideos, proteinas e

acidos nucléicos.

Ha certa dificuldade de mensuracdo das espécies reativas devido ao curto
tempo de meia-vida dessas moléculas. Essa determinagcdo geralmente ocorre
por meio de técnicas indiretas, como no caso da avaliagdo do Oxido nitrico
(NO"). O NO’ é um radical livre, sintetizado fisiologicamente pela enzima 6xido
nitrico sintase (NOS) via oxidacdo da L-arginina. Sabe-se que em processos

ndo patolégicos o NO' tem importante papel na neurotransmissdo, resposta
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imune e na regulacdo da pressao sanguinea. O evento celular dominante que
reduz a biodisponibilidade do NO* é o aumento do O? pela mitocéndria, cuja
atividade esta aumentada na hiperglicemia, levando a um desequilibrio da
homeostase vascular, pelo aumento da vasoconstricdo e diminuicdo do
relaxamento, constituindo o principal mecanismo de disfuncdo endotelial
(TATSCH, 2016).

Dependendo de sua natureza, as reagbes de ERO com biomoléculas, como
lipidios e proteinas, produzem diferentes tipos de radicais secundarios como
radicais lipidicos e radicais de aminoacidos. (KUNWAR; PRIYADARSINI,
2011). A peroxidacédo lipidica faz parte de reacbes em cadeia mediada por
radicais livres composta por trés etapas principais - iniciacdo, propagacao e
terminacdo. O principal alvo das EROs s&o os lipidios de membrana, que
provocam dano celular e formacdo de produtos toxicos (MIMICA-DUKIC et al.,
2012). Um biomarcador critico da peroxidacdo lipidica se baseia na
determinacdo de malondialdeido (MDA) que pode ser usado para avaliar o0s
perdxidos lipidicos apdés a reacdo com acido tiobarbitlrico (ASMAT; ABAD;
ISMAIL, 2015).

A reacdo de ERO com proteinas acontece em grande intensidade,
possivelmente como consequéncia de sua alta abundancia nos sistemas
biolégicos e de suas rapidas taxas de reacdo com muitos oxidantes (TATSCH,
2016). Os produtos proteicos de oxidacdo avancada (AOPP), formados
principalmente pela reacdo de oxidantes clorados com proteinas plasmaticas,
sdo frequentemente utilizados como marcadores dessas macromoléculas.
Seus niveis aumentados sédo observados durante o DM2 e tem sido relatada
uma associacado positiva significativa entre os niveis plasmaticos de AOPPs e
TBARS durante o diabetes (TIWARI et al., 2013).

As enzimas antioxidantes superoxido dismutase, catalase e glutationa
peroxidase servem como linha priméaria de defesa na inativacdo dos radicais
livres, sendo responsaveis pela inativagdo de ERO produzidas durante a
respiracdo celular. A superoxido dismutase (SOD) catalisa a dismutacdo do
radical superoxido, a primeira ERO proveniente do metabolismo do oxigénio,
em peroxido hidrogénio, um composto de menor toxicidade (ASMAT; ABAD;
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ISMAIL, 2015). A SOD possui importante papel fisiologico, uma vez que
inativando o anion superoxido, impede sua interacdo com o o6xido nitrico e
consequentemente a formacao do radical peroxinitrito, um radical de alto poder
danoso (TIWARI et al.,, 2013). Alguns estudos mostram que individuos com
DM2 apresentaram declinio nos niveis séricos desse antioxidante (HOLY;
NGOYE, 2016).

Sabendo que o tratamento do DM2 tem como caracteristica a associacao de
medicamentos de utilizagdo continua, a melhora da adeséo a terapia proposta
pela realizacdo do acompanhamento farmacoterapéutico, promove a melhora
do controle glicémico, influenciando positivamente sobre equilibrio de oxido-

reducao, diminuindo a evolugéo das principais complicacées da doenca.

Nesse contexto, diante do crescente numero de diabéticos tipo 2 e dos
impactos das principais complicacfes, espera-se conhecer as caracteristicas
da doenca e do tratamento dos pacientes com DM2 cadastrados da Unidade
de Saude da Familia (USF) do territério Itararé e Maruipe, contribuir para
elucidacdo de mecanismos de estresse oxidativo, e que o acompanhamento

farmacoterapéutico possua influéncia positiva sobre esses parametros.
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Pharmaceutical care improves medication adherence and quality of life and
decreases the oxidative stress in type 2 diabetes mellitus

Abstract

Type 2 diabetes mellitus (T2DM) is a chronic metabolic disorder characterized
by an increase in oxidative stress, which is related to appearance of its main
chronic complications. Nevertheless, quality of life and medication adherence,
especially relevant in the context of T2DM, can be improved through
Pharmaceutical Care practices. Therefore, the aim of this study was to evaluate
whether pharmacotherapeutic follow-up in patients with T2DM, users and non-
users of insulin, interferes in the levels of oxidative stress, metabolic control,
medication adherence and quality of life. After the follow-up, there was an
improvement in treatment adherence and a significant increase in quality of life
scores, except for the physical domain in the insulin therapy group. There was a
decrease in nitric oxide levels and an increase in superoxide dismutase
concentration for the group with insulin therapy. Accordingly, these results show
that the proposed pharmacotherapeutic follow-up positively influenced on the
adherence to therapy, quality of life and oxidative stress levels, and therefore,
may contribute to delay the onset of the main chronic complications of the

disease.

Key words: Pharmaceutical care, medication adherence, quality of life, nitric
oxide, superoxide dismutase.
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1. Introduction
Type 2 diabetes mellitus (T2DM) is one of the four most prevalent chronic
noncommunicable diseases (NCDs), responsible for 70% of all deaths
worldwide (Malta et al., 2017). The central events of the T2DM pathophysiology,
insulin resistance and pancreatic beta cell dysfunction occur due to the
imbalance between oxidative and antioxidative systems (Tiwari et al.,
2013).There is evidence that several biochemical pathways associated with the
formation of reactive oxygen species (ROS) are affected by hyperglycemia
(Giacco and Brownlee, 2010), inducing the increase production of the
mitochondrial ROS (Brownlee, 2005).
Many studies report that there are decreased concentrations of antioxidants in
T2DM, such as superoxide dismutase and glutathione (Goodarzi et al., 2008;
Gupta and Chari, 2006; Said et al., 2013). Due to lack of adequate antioxidant
compensation, oxidative stress induces the formation of cell damaging
products, contributing to the onset of late complications of diabetes (macro and
microvascular) (Ceriello, 2003) which compromise the productivity, quality of life
and survival of individuals (McLellan et al., 2007, 2006).
In order to achieve adequate glycemic control, non-pharmacological and
pharmacological measures are adopted, including oral antidiabetic agents and
the use of insulin, according to the decline in beta cell type 1 function (Borges et
al., 2010). One study showed that after 6 years of diagnosing diabetes, more
than 50% of patients will need to add insulin to therapy (Wright et al., 2002).
The current recommendations of the Brazilian Society of Diabetes (SBD, 2017)
suggest that the introduction of insulin therapy occur after the failure of using
maximum doses of at least two oral drugs or in cases when patients have
symptoms secondary to hyperglycemia, insulin therapy may already be
recommended.
However, often the insulin therapy start is delayed. On average, HbA;c levels
remain elevated to about 8% for approximately 5 years before insulin onset,
when vascular complications have already established (Nichols et al., 2007).
Due to the possibility of developing these complications, the risk of death from
cardiovascular events in T2DM reaches 65% (Riddle et al., 2016).
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Data from literature show that the delay to start insulin therapy may be related
to the patient's perception that the need of insulin is associated with personal
failure and the addition of the hormone represents a worsening of T2DM (Brod
et al., 2014). Therefore, good communication is required to ensure that the
patient understands the natural progression of the disease and that
pharmacotherapy review and treatment adjustment is intrinsic to T2DM therapy
(Reach et al., 2017).

As a strategy to overcome these barriers, pharmaceutical care services can be
applied. Pharmaceutical care services through various tools, has the objective
of promoting the rational use of drugs and medication adherence, seeking to
improve the quality of life of patients (Mourao et al., 2013). The differential
component of pharmacotherapeutic follow-up is the association of clinical
outcomes with the process of drug use, making it possible to identify causes of
negative clinical outcomes (Correr et al., 2011). Studies evaluating
pharmaceutical care programs in patients with T2DM in Brazil at public health
system show significant reduction of glycemic index (Borges et al., 2010),
illustrating its efficiency for the control of the disease and prevention of the main
complications.

Since that the treatment of T2DM comprises the continuous use of
polypharmacy as a characteristic, the aim of the present study was to
investigate whether pharmacotherapeutic follow-up in patients with type 2
diabetes mellitus with and without insulin therapy interferes on medication

adherence, quality of life, metabolic control and oxidative stress levels.

2. Methods
2.1 Study design and population

This prospective clinical study was conducted at two Primary Health Units in
Vitoria, Espirito Santo, Brazil. These units cover places of social vulnerability
and with difficult access, where basic sanitation, leisure and social welfare are
deficient. The recruitment and data collection took place between June 2016
and January 2018. The research project was approved by the Ethics Committee
of the Federal University of Espirito Santo, protocol number 722.523.
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A convenience sample of 80 patients with type 2 diabetes between 40 and 70
years old was invited to participate. Patients diagnosed with cancer,
autoimmune disease and acute infections or who had surgery less than six
months before were not included. To investigate the influence of insulin therapy,
the total sample was distributed between users and non-insulin users. From the
total of 80 patients, five subjects who did not complete the follow-up were

excluded. The study was concluded with 75 as shown in the following flow chart
(Fig.1).

Two Primary Health Units Municipal Pharmaceutical
Pharmacies, Vitoria - Brazil Care Services

|

T2DM Patients
-40-70 of age
- Both sexes

Notincluded:
- Cancer, autoimmune disease, acute <——
infections or recent surgery.

Convenience sampling

(n 80)
Excluded (n 5):
- Did not complete the
follow-up. Blood specimen collect
< and laboratory tests

6-month fellow-up (n 75)
- Every two months pharmaceutical meetings
- ldentification of drug-related problems
-Health education

. Blood specimen collect
and laboratory tests

75 patients completed the
study

|

44 patients withoutinsulin therapy
31 patients with insulin therapy

Fig. 1. Flow chart of the recruitment process of diabetic patients and study design.

2.2 Pharmacotherapeutic follow-up instrument and data collection
Pharmacotherapeutic follow-up was developed according to the model
proposed by the Brazilian Ministry of Health (Brasil, 2014), performing meetings
with patients every 2 months during 6 months. The model is structured in four
stages, which includes: introduction; data collection and problem identification;
actions and solutions and closing of the appointment. Following this this query
script, at the first meeting was established a therapeutic relationship with the
patient to identify the patient's needs related to the medication, investigating the
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current state of each health problem, the correct use of prescribed drugs and
the existence self-medication. Next, a plan of care was developed, guiding the
function of each medication, health conditions and lifestyle, providing support
materials such as daily dosing schedule and a daily self-monitoring book.
Finally, strategies were agreed to facilitate the monitoring of the plan and space
for additional doubts.
Data were analyzed as total sample and stratified according to the use of insulin
therapy. The variables that could be influenced by pharmacotherapeutic follow-
up were explored by comparing the results at baseline and after 6 months
follow-up.

2.2.1 Medication adherence
To investigate the extent to which drug administration coincides to the
prescribed therapy, the Brief Medication Questionnaire (BMQ), validated and
translated into Portuguese, was applied (Ben et al., 2012). The BMQ s
composed of three screens that identify barriers to adherence with respect to
treatment regimens, patient beliefs and patient recall of medication treatment.
The participants are classified into the following categories: adherence (no
positive response in any domain), probable adherence (positive response in
one domain), probable low adherence (positive responses in two domains) and
low adherence (positive responses in all three). To evaluate the performance of
individuals in each domain, the results were transformed into dichotomous
variables. In this case, the occurrence of a positive response was sufficient for
classification as nonadherent.

2.2.2 Quality of life
The abbreviated quality of life inventory proposed by the World Health
Organization, the World Health Organization Quality of Life (WHOQOL-Bref),
Portuguese version was adopted for quality of life assessment. This form is
composed of 26 questions divided between the physical health, psychological
health, social relationships, and environment, which follow the Likert scale (from
1 to 5, the higher the score, better the quality of life).

2.2.3 Anthropometric and biochemical parameters
Some indicators were calculated from the anthropometric data to evaluate the

clinical status of the users. The cardiovascular risk of patients was assessed
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using the Framingham Risk Score. The biochemical parameters investigated
were fasting glycemia, glycated hemoglobin, triglycerides/High-density
lipoprotein cholesterol ratio and total cholesterol/High-density lipoprotein

cholesterol ratio.

2.3 Oxidative stress analysis

2.3.1 Determination of nitric oxide (NO)
Quantification of nitric oxide was performed indirectly through nitrite and nitrate
measurement in the plasma by Griess reaction from Miranda, Espey, Wink
(2001) adapted method. Briefly, at 100 pL of deproteinated plasma was added
100 pL of vanadium chloride Il 8 mg/mL and 100 pL of Griess solution and
incubated for 30 minutes, at 37 °C. The chromophore compound formed was
read at 540 nm. The results were expressed as the sum of the nitrate and nitrite
concentration (uM) from the standard curve.

2.3.2 Determination of superoxide dismutase (SOD)
Superoxide dismutase enzyme level in plasma was evaluated by the SOD
Determination Kit (Sigma-Aldrich®). This kit uses a superoxide, xanthine and
xanthine oxidase anion generation system and evaluates the ability of the test
solution to inhibit the superoxide anion reaction with WST (2-(4-iodophenyl)-3-
(4-nitrophenyl)-2H-5-tetrazolium). This reaction forms the formazan compound,
with color intensity read at 450 nm. The results were expressed as amount of
SOD (U/mL) from the standard curve.

2.3.3 Determination of lipid peroxidation (TBARS)
The assay was adapted from Buege, Aust (1978) and is based on the reaction
between malondialdehyde and substances derived from lipid peroxidation with
thiobarbituric acid. For this assay, 80 pL of 10% SDS, 200 uL of plasma and
1000 pL of color reagent (thiobarbituric acid 0.037% + trichloroacetic acid 15%
+ hydrochloric acid 0.25 M) was added. The solution was boiled for 15 minutes,
followed by cooling for 5 minutes. After this period, the tubes were centrifuged
at 3500 rpm at 4 °C, and the supernatant were placed in a 96-well microplate in
duplicates and read at a 540 nm. The standard curve was performed from the
TBARS Assay kit (Cayman Chemical, Michigan, USA) and the level of MDA

was expressed in uM.
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2.3.4 Determination of Advanced Oxidation Proteins Products
(AOPP)

The AOPP analysis were performed under acidic condition method by Witko-
Sarsat et al. (1996), with modifications. In a 96-well microplate were added 200
ML of plasma diluted 1:10, 10 uL of potassium iodide 1.16 M, 20 uL of glacial
acetic acid and shaked for 6 minutes. After, the reading procedure was done at
340 nm. The final concentration of AOPP (umol/mg protein) was measured
through the standard chloramine-T linear curve.

2.4 Statistical analysis
Data were analyzed with The Statistical Package for the Social Sciences
(SPSS, Version 22 Inc., Chicago, IL, USA) and GraphPad Prism software
version 5.0. The results were assessed using nominal/ordinal variables as
frequencies (number and percentage) and continuous variables represented as
mean +* standard deviation. Nominal/ordinal variables were compared by Chi-
square test or Fisher’'s exact test. Paired Student t-test was applied for
intragroup analysis and unpaired Student t-test was applied between the groups
without and with insulin therapy. P value < 0.05 were considered statistically

significant.

3. Results
The study was concluded with 75 patients with T2DM from two Primary Health
Units. Individualized interventions were carried out, including home visits, health
education, referral to specialized professionals, identification of adverse drug
reactions, identification of the need for change in therapy or inadequate dosage,
incentive for adherence and the importance of adherence non-pharmacological
measures and self-monitoring. The sociodemographic information is shown in
Table 1.
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Table 1

Demographics characteristics of the T2DM patients (n=75) classified between without insulin therapy (n =44)
and with insulin therapy (n=31) groups.

Parameter Grade Total Without insulin With insulin p
Age (years) 58.63 + 9.28 58.11 +8.11 59.35 + 10.82 0.572@
(Mean + SD)
Sex Female 54 (72.00) 32 (72.73) 22 (70.97) L oog
(N, %) Male 21 (28.00) 12 (27.27) 9 (29.03)
Employed 26 (34.67) 16 (36.36) 10 (32.26)
g’\f%pation Unemployed 23 (30.67) 18 (40.91) 5 (16.13) 0.017+®
Retire 26 (34.67) 10 (22.73) 16 (51.61)
Monthly income (BRL)  _ 2,567.00 + 2,064.00 2,374.00 + 2,025.00 2,703.00 +2,104.00  0.507®
(Mean + SD)
Single 14 (18.67) 4(9.09) 10 (32.26)
Marital status Married 44 (58.67) 29 (65.91) 15 (48.39) 0,002
(N. %) Divorced 6 (8.00) 4(9.09) 2 (6.45)
Widow/er 11 (14.67) 7 (15.91) 4 (12.90)
Caucasian 27 (36.00) 15 (34.09) 12 (38.71)
(Ff\‘a‘j/oe) African american 15 (20.00) 7 (15.91) 8 (25.81) 0.393®
Brown 33 (44.00) 22 (50.00) 11 (35.48)
Unlettered 2 (2.67) 1(2.27) 1(3.22)
Education level Primary school 32 (42.67) 17 (38.64) 15 (48.39) 01530
(N, %) Secondary school 36 (48.00) 25 (56.82) 11 (35.48)
University 5 (6.67) 1(2.27) 4 (12.90)

SD: Standard deviation. N: Number. %: Percentage. @ Unpaired Student-t test. ® X” test. * Statistical significant difference (p<0.05) between
without insulin therapy and with insulin therapy groups.

Among the distribution of risk factors and T2DM complications it is possible to
observe that most individuals do not consume alcohol (72%), are nonsmokers
(86.57%) and present hypertension (77.33%). Also, there was a high frequency
of patients who did not practice physical activity (64.38%). The diagnose of
T2DM for more than 5 years was more frequent for the insulin therapy users
group (83.87%). Most patients did not have microvascular complication; these
complications were more common for the group in insulin therapy (32.26%)
(table 2).
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Table 2

Distribution of risk factors and T2DM complications and a comparison between those without insulin
therapy (n =44) and with those with insulin therapy (n=31).

Parameter Grade Total Without insulin With insulin p
Alcohol consumption Yes 21 (28.00) 11 (25.00) 10 (32.26) 0605
(N. %) No 54 (72.00) 33 (75.00) 21 (67.74)
Cigarette consumption Yes 10 (13.33) 7 (15.91) 3(9.68) 0.509®
(N, %) No 65 (86.67) 37 (84.09) 28 (90.32)
Hypertension Yes 58 (77.33) 34 (72.27) 24 (77.42) L oog®
(N, %) No 17 (22.67) 10 (22.73) 7 (22.58)
Physical activity Yes 26 (35.62) 16 (36.36) 10 (34.48) L on0®
(N. %) No 47 (64.38) 28 (63.64) 19 (65.52)
T2DM diagnostic length <5 years 23 (30.67) 18 (40.91) 5 (16.13) 00250
(N, %) > 5 years 52 (69.33) 26 (59.09) 26 (83.87)
Yes 14 (18.67) 4(9.09) 10 (32.26)
Microvascular complication 0.0161®%
No 61 (81.33) 40 (90.91) 21 (67.74)

N: Number. %: Percentage. @ X test. ™ Fisher's exact test. T2DM: Type 2 diabetes mellitus. *Statistical significant difference
(p<0.05) between without insulin therapy and with insulin therapy groups.

The results for the cardiovascular risk, anthropometric and biochemical
parameters are organized in table 3. In the waist circumference a statistical
difference was observed between the groups without insulin and with insulin at
the baseline and between these groups after the follow-up for women. There
was no difference in the cardiovascular risk after the pharmaceutical
intervention, even being observed a higher decrease in group without insulin.
Likewise, TG/HDL-c ratio and TC/HDL-c ratio measurements did not show
difference, although after the intervention it is also possible to observe a large
decrease in the value of TG/HDL-c for individuals who do not use insulin. The
fasting blood glucose and HbA;. concentration had a small modification at the
end of the appointments, without difference.
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Table 3

Anthropometric comparison between those T2DM patients without insulin therapy (n =44) and with those with insulin therapy
(n=31) at the baseline and after 6-month follow-up.

Without insulin With insulin p® Baseline  p® After 6-month

Parameter - After 6-month p® _ After 6-month p® without vs follow-up without

Baseline follow-up Baseline follow-up with insulin vs with insulin
Waist circumference (cm) 99.48 + 12.02 98.45 + 11,52 0.071 104.80+1256  106.00+13.88  0.119 0.068 0.012*
(Mean % SD)

Female 100.20 + 12.87 99.45 + 12.45 0.239 107.50 + 1349  109.20 + 14.24  0.039* 0.0494+ 0.010*

Male 97.58 + 9.62 95.79 + 8.44 0.169 98.22 + 6.72 98.17 + 9.66 0.956 0.867 0.555
Framingham risk score (%) 24.35 + 17.05 20.86 + 12.05 0.071 233541520  21.63+14.19  0.398 0.795 0.801
(Mean % SD)

Fasting blood glucose (mg/dL) 41070 6651  139.90 +56.10 0.098 168.90+72.14 173107311  0.635 0.177 0.029*
(Mean = SD)
0,
HbAsc (%) 7.60 £ 2,00 7.41+2.13 0.157 8.27+2.11 8.24+1.97 0.756 0.167 <0.0001*
(Mean * SD)
TG/HDL-c ratio
6.38 % 8.69 436+2.79 0.113 3.68+3.28 351+3.43 0.520 0.104 0.242
(Mean = SD)
TC/HDL-c ratio
4.78 +2.10 424+151 0.076 3.95+1.41 3.67+1.50 0.109 0.056 0.108

(Mean * SD)

N: Number. %: Percentage. BP: Blood pressure. BMI: Body mass index. HbA;c: Glycated hemoglobin. TG: Triglyceride. HDL-c: High-density lipoprotein
cholesterol. TC: Total cholesterol. @ Paired Student-t test. ® Unpaired Student-t test. * Statistical significant difference (p<0.05).

The evaluation of the medication adherence showed an increase in adherence
for the total sample, with a difference in the pre- and post-follow-up evaluation
(p<0.0001), with 12.00 % of the patients classified as low adherence in the final
time, against 41.33 % with the same classification before the meetings. When
the results are distributed according to insulin therapy use, the same behavior is

verified, with statistical increase to adherence therapy in both groups (Table 4).

Table 4

Evaluation of adherence to therapy by application of the Brief Medication Questionnaire among T2DM patients without
insulin therapy (n = 44) and with those with insulin therapy (n=31) at the baseline and after 6-month follow-up.

Without insulin With insulin p® Baseline  p® After 6-month
Performance After 6-month p@ After 6-month p@ without vs follow-up without
Baseline follow-up Baseline follow-up with insulin vs with insulin
Adherent
(N, %) 0 (0.00) 2 (4.54) 0 (0.00) 1(3.23)
Probable adherence
(N, %) 4 (9.09) 20 (45.45) 5 (16.13) 13 (41.94)
0.0002* 0.019* - 0.869

Probable low adherence
(N, %) 21 (47.73) 16 (36.36) 14 (45.16) 14 (45.16)
Low adherence (N, %) 19 (43.18) 6 (13.64) 12 (38.71) 3(9.68)

N: Number. %: Percentage. ® Fisher’s exact test. * Statistical significant difference (p<0.05).

To identify the barriers to medication treatment, BMQ domains were stratified as

dichotomous variables, making it possible to observe the adherence profile



39

among users (Fig. 2). The regimen and belief domains had a significant
increase after performing the pharmaceutical care. The recall to medication
barrier treatment had the worst performance, with no difference after follow-up
for both groups. The use of insulin did not significantly influence the

performance of any domain.
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Fig. 2. Dichotomous results of Brief Medication Questionnaire domains. A: Group with insulin

therapy group. B: Group without insulin therapy. *Statistical significant difference for Fisher’s
exact test between groups (p<0.05).

For the whole sample, the assessment of quality of life through the comparison
between the groups before and after the follow-up showed an increase in the
score for all domains. At the baseline, the physical domain was scored from
13.46 £ 2.36 to 15.39 + 2.32 after follow-up (p<0.0001). For the psychological
domain, the initial score was 14.23 £ 2.76 and it increased to 16.35 £ 2.75
(p<0.0001). The initial social relation score was 14.63 + 2.66 and the final score
was 16.83 = 2.90 (p<0.0001). For the environmental domain at the beginning of
the study, the score was 13.78 + 1.88 and after follow-up 15.83 + 2.63
(p<0.0001).

After the separation according to the use of insulin, an increase in the score for
almost all quality of life domains was observed for both groups, except for the
physical one as presented in table 5. In this domain, for patients on insulin

therapy there was no statistical difference between the periods.
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Table 5

Assessment of quality of life through the application of the WHOQOL - Bref questionnaire among T2DM patients without
insulin therapy (n =44) and with those with insulin therapy (n=31) at the baseline and after 6-month follow-up.

Without insulin " With insulin " p® Baseline  p® After 6-month
Domain - p® - p® without vs follow-up without
Baseline Af;g:lgwnjsgth Baseline Af;ghgvmggth with insulin vs with insulin
Physical
13.55 +2.45 15.60 = 2.42 0.0004* 13.39 + 2.35 15.07 £ 2.17 0.052 0.274 0.348
(Mean £ SD)
Psychological
14.12 + 2.63 16.46 + 2.88 0.0002* 14.26 + 3.03 16.18 + 2.58 0.028* 0.836 0.676
(Mean £ SD)
Social
Relatioship 14.49+238 16.74+3.15 0.0003* 14.76 + 3.14 16.97 + 2.52 0.016* 0.672 0.753
(Mean £ SD)
Enviromental
13.72 £1.72 15.95+2.61 <0.0001* 13.98 £2.12 15.66 + 2.69 0.040* 0.561 0.646
(Mean £ SD)

SD: Standard deviation. ® Paired Student-t test. ® Unpaired Student-t test. * Statistical significant difference (p<0.05).

The evaluation of oxidative stress markers was performed by the
determinations of nitric oxide, superoxide dismutase, lipid peroxidation and
protein oxidation. For the total sample, nitric oxide levels at baseline were 13.56
+ 8.12 and after follow-up decreased to 6.86 + 5.93 (p<0.0001). The antioxidant
marker superoxide dismutase increased significantly at the follow up period for
the total sample. At first, the SOD level was 2.34 + 1.42 and at the end was
6.36 + 11.95 (p<0.0001). The mean and standard deviation values classified
according to insulin use are represented in the Fig. 3. When the insulin
influence is analyzed, there is a statistical difference decrease in both groups
for NO and SOD parameters. Levels of malondialdehyde and advanced
oxidation protein products levels did not differ after follow-up even after the

analysis according to the insulin therapy use.
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Fig. 3. Results of the evaluation of pharmacotherapeutic follow-up on oxidative stress according
to the use of insulin therapy. NO: nitric oxide. SOD: superoxide dismutase. MDA:
malondialdehyde. AOPP: Advanced oxidation protein products. *Statistical significant difference

for paired Student-t test for intragroup analysis and unpaired Student-t test between groups
(p<0.05).

4. Discussion

The main findings of the study show that this pharmacotherapeutic follow up
model resulted in improvements in adherence to medication, quality of life and
decrease oxidative stress in patients with T2DM. The use of insulin was related

to poorer metabolic control and a higher frequency complication.

The results on the risk factors showed that about 77% of the patients have
hypertension and most of patients do not practice physical activity, which
together rises the risk for cardiovascular disease. The rate of hypertension
diagnosis was similar with a study conducted in southeastern Brazil, where
81.3% T2DM participants had hypertension (Faria et al., 2013). Physical activity
is an essential part of the non-pharmacological approach which is inversely

related to the development of T2DM, improving glycemic control and lipid profile
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(Stanford and Goodyear, 2014). A 20-year follow-up study shows that regular
practice of physical activity showed capacity to reduce body weight, improve
insulin sensitivity and normalize blood pressure (Li et al., 2008). Thus, it
reinforces the importance of the practice of physical activity for the control of
T2DM and hypertension since the presence of other comorbidities further
complicates adherence, due to the increase in the number of medications and

the need for patient recall.

After the intervention period no difference was observed for metabolic control
and cardiovascular risk in the groups, as in other studies where there was no
difference in glycated hemoglobin levels after the pharmaceutical care
(Odegard et al., 2005; Simpson et al., 2011). This result may be related to the
short follow-up period, in addition to the fact that the follow-up program was not
linked to a multi-professional team, which could be a strategy for metabolic
control since diabetes is a complex disease that involves life style changes,
continuous monitoring and treatment intensification. During the follow-up, non-
pharmacological practices were not deepened, such as changes in diet and

physical activity that could positively influence these results.

Statistical differences were observed in the comparison between insulin
treatment groups at the end of the intervention, showing a better levels of non-
insulin users for glycated hemoglobin, fasting glucose and waist circumference.
The use of insulin was also related to a higher occurrence of microvascular
complications. According to the Brazilian Society of Diabetes (2017), insulin
therapy is generally applied when hyperglycemia does not reach adequate
values after the combination of at least two oral drugs. However, this is often
delayed because of the "psychological resistance" of patients fed by
misperceptions and myths, their view on the administration regimen is highly
burdensome; and for physicians, beliefs about competence and risk of the
patient are the main barriers to not initiating insulin therapy (Boels et al., 2017).
Therefore, the start of use of insulin is related to the actual progression of
T2DM, when there is a greater decrease in pancreatic beta cell function, which

explains the worse performance in the metabolic control.
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Adherence is a multidimensional phenomenon determined by the interaction of
a set of factors that affect people's behavior and ability to follow treatment
(Tavares et al., 2013). Frequent adherence difficulties in chronic diseases such
as T2DM requiring long, complex and life-changing treatments in the general
population are associated with 50% non-adherence (WHO, 2003). At the
baseline 41.44 % of the patients were non-adherent similar to studies assessing
adherence to treatment in T2DM patients where most of these individuals were
classified as low adherence (Istilli, 2014). After follow-up, an increase in
medication adherence was observed in the group of individuals with or without
insulin therapy. In the same way, a study conducted in Australia showed low
adherence of 41% of participants before the intervention and post intervention
an decrease to 15% of non-adherents (Krass et al., 2005).

The BMQ assesses medication adherence in three domains: regimen, belief
and recall, which allow the approach of factors that hinder adherence, such as
the amount of medication administered daily, the occurrence of adverse effects
and confidence in the practice of self-care. The dichotomous analysis showed
increased adherence to the regimen and belief domains and absence of change
to the recall domain at the end of the meetings. In this case, aging and the high
proportion of patients with hypertension, related to polymedication, can be

considered as barriers to recall to medication treatment.

Among the strategies to improve adherence are education, better treatment
regimens and better communication between physicians and other health
professionals with patients (Tavares et al., 2016). The strategies provided by
this study support the implementation of interventions directed to the individual
needs of the patients, facilitating the management by the health professional
during the meetings, which may be related to the improvement of adherence to
the medication. The close professional relationship built between the patient
and the pharmacist must have improved communication and the desire to
reciprocate with positive results. In addition, patient education is essential to
achieve optimal outcome in the treatment of diabetes because it can enable

patients to effectively engage in health management, promoting self-
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management of their disease, and improving patient compliance, as observed
by Ojieabu et al. (2017).

One of the achieved goals of pharmaceutical care, the improvement in the
quality of life observed after the follow up program have been reported (Adibe et
al., 2013; Correr et al., 2009; Sriram et al., 2011). The Brazilian Consensus on
Pharmaceutical Care defined macrocomponents of this practice that guarantee
the rational use of drugs and adherence to treatment, improving the quality of
life of patients (OPAS, 2002) as found in this study. Between its individual
scores the physical domain had a lower performance in both groups.
Microvascular complications include diabetic foot syndrome that has an
emotional and physical impact on individuals with T2DM, which may be related
to the poor performance of the physical domain (Zurita-Cruz et al., 2018). Aging
is another factor that influences quality of life, particularly the physical domain
due to the reduction of muscle strength, flexibility and endurance (Milanovic et
al., 2013).

Souza et al., (1997) showed that the aspects of quality of life most affected by
the presence of diabetes mellitus were physical capacity and family relationship,
due to the presence of symptoms such as discomfort and tiredness. In the
WHOQoL, the physical domain is related to aspects such as pain, fatigue,
mobility and dependence of medication (Fleck et al., 2000). The lowest physical
score observed in T2DM patients agrees with some data from the literature
(Trikkalinou et al., 2017), and the influence of insulin therapy may be due to the
worse metabolic control and the greater presence of microvascular

complications.

In vivo studies revealed that oxidative stress due to hyperglycemia occurs
before late complications become clinically evident (Chikezie et al., 2015). In
the evaluation of oxidative stress, a decrease in NO levels was observed for
both groups with difference at the end of the follow-up. Elevated levels of
glucose may enhance NO production through increased expression of eNOS
and INOS gene and protein levels. At higher levels, NO can interact with the
superoxide radical, leading to the formation of peroxynitrite, which may
stimulate arachidonic acid metabolism and lipid peroxidation, contributing to
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endothelial function impairment. (Adela et al., 2015). The endothelium is the
major source of NO in the vasculature and its dysfunction observed in diabetic’s

accounts for one of the primary causes of atherosclerosis (Pitocco et al., 2010)..

The results of SOD concentration showed an increase also for both groups at
the end of the intervention, but this difference was significant only in insulin
therapy. It is reported that the main preventive antioxidant enzyme in the body
is SOD (Tiwari et al., 2013) and its activity and expression in T2DM are
decreased (Adachi et al., 2004; Feng et al., 2017), which can be associated
with poor glycemic control and the development of complications, maybe due to
the glycation of the enzyme (Wang et al., 2013; Zhao et al., 2018). Wang et al.,
(2013) state that the strategy targeted to overcome oxidative stress, of
increasing antioxidant enzymes and consequently reducing ROS, has been
shown to prevent diabetes mellitus, showing other positive effect of the follow
up realized. The best performance observed for the insulin therapy group may
be explained due to its inhibitory effect on activation of oxidative stress, a
hypothesis that is in agreement with its anti-inflammatory effect during the

administration of exogenous insulin (Monnier et al., 2010).

The evaluation of MDA and AOPP did not differ after the pharmaceutical care
program. It has been reported that MDA rates, a by-product of lipid
peroxidation, elevates directly with T2DM duration, lipid profile and ethnicity
(Rkhaya et al., 2018). AOPP are formed by the action of chlorinated oxidants
with plasma proteins, correlated with markers of oxidative stress in T2DM (Pan
et al., 2010). Some studies have shown lipid molecules influence on the AOPP
index (Taylor et al., 2015; Valli et al., 2007) as for MDA which may have
influenced in the results. Also, these biomarkers are reported as early oxidative
stress markers in diabetes (Tiwari et al., 2013) and other pathologies, therefore
the presence of other diseases may have affected the level of these markers
(Black et al., 2015; Stepniewska et al., 2015).

In the analysis of the results, it should be considered that the sample size and
the 6-month period of study may not be enough to evaluate some of these
variables and promote the achievement of therapeutic goals. As the prevalence
of type 2 diabetes continues to increase rapidly, further studies would be useful
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to know the contributions of pharmaceutical care programs to predict the long-

term risk of cardiovascular events.

Conclusion

In conclusion, the proposed pharmaceutical care program carried out in T2DM
improved medication adherence and quality of life and reduced oxidative stress
markers levels. Patients on insulin therapy had worse metabolic control that
may be related to a delay on its administration when the complications have
already settled. The favorable results can be attributed to the provision of
proper education on pharmacological treatment and better communication with
patient showing that a pharmaceutical care program in primary care may

provide contributions to prevent clinical complications.
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