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RESUMO 

 

Pacientes com diabetes melito tipo 1 (DM1) estão expostos ao risco de desenvolvimento de 

complicações, incidência que pode ser reduzida através de um adequado controle glicêmico. 

Existem evidências de que a contagem de carboidratos (CC) otimiza esse controle, porém 

nem todos os estudos apontam resultados semelhantes, e poucos dados acerca da população 

brasileira foram localizados. Diante disso, o objetivo deste trabalho foi verificar o impacto da 

CC no controle glicêmico de indivíduos com DM1, bem como na variação de peso entre 

consultas (desfecho primário e secundário, respectivamente) no âmbito de um hospital 

terciário no Sul do Brasil. Também buscou-se identificar variáveis preditoras do bom controle 

glicêmico, analisar a aderência à CC e investigar variáveis associadas à adesão. Foi realizado 

um estudo de coorte retrospectiva em que foram incluídos 232 pacientes com DM1 que 

realizaram acompanhamento nutricional no Hospital de Clínicas de Porto Alegre entre os anos 

de 2014 – 2018. Foram coletados dados sociodemográficos, clínicos, laboratoriais, 

antropométricos e de atividade física. Na análise dos desfechos primário e secundário foram 

incluídos dados de 180 pacientes que utilizaram doses fixas de insulina nesse período e 49 

indivíduos que fizeram CC. O impacto da CC no controle glicêmico foi aferido através da 

média dos valores de hemoglobina glicada (HbA1c) coletadas ao longo das consultas 

nutricionais realizadas no período de acompanhamento, com análise pelos Modelos Lineares 

Mistos Generalizados para Medidas Repetidas. Comparado a quem utilizava doses fixas de 

insulina, o grupo que fez a CC realizou mais consultas nutricionais entre 2014-2018, tinha 

maior tempo de acompanhamento nutricional no momento basal e durante o tempo de 

seguimento apresentou maior nível de escolaridade e nº de gestantes, bem como maior 

proporção de indivíduos brancos, de frequência de automonitorização da glicemia capilar e de 

uso de análogos de insulina de ação rápida. A diferença de média de Índice de Massa 

Corporal (IMC) e a proporção de indivíduos suficientemente ou insuficientemente ativos não 

foi constante entre os grupos ao longo do tempo.  No modelo ajustado para o maior nº de 

possíveis confundidores, com exceção da variável gestação, a média de HbA1c foi melhor em 

quem realizou CC (8,66 ± 0,4% vs. 9,36 ± 0,39%; p = 0,016) e a variação de peso corporal 

entre consultas foi menor nesse grupo (0,13±0,28Kg vs. 0,53±0,24Kg; p = 0,024). Foram 

preditores do bom controle glicêmico a aplicação de menores doses de insulina, a inexistência 

de outras doenças autoimunes associadas ao DM1 e a ausência de retinopatia diabética; já a 

direção da associação dos níveis de glicemia de jejum com o desfecho variou durante o tempo 

de acompanhamento. A aderência à CC foi relatada em 69,2 % das consultas. Foram 



 

 

 

significativamente associadas à adesão ao método menores valores de HbA1c e menor nº de 

faltas entre 2014 - 2018, bem como maiores valores de IMC. Diante dos resultados 

encontrados concluímos que a CC teve um impacto positivo no controle glicêmico de 

indivíduos com DM1, mostrando menor efeito sobre a variação de peso corporal quando 

comparada ao uso de doses fixas de insulina. Logo, a CC parece ser uma estratégia importante 

na otimização do cuidado do DM1. 

 

Palavras-chave: contagem de carboidratos; diabetes melito tipo 1; controle glicêmico; 

hemoglobina glicada; peso corporal. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

ABSTRACT 

 

Patients with type 1 diabetes mellitus (T1D) are at risk of developing complications, which 

can be reduced through adequate glycemic control. There is evidence that carbohydrate 

counting (CC) optimizes control, but the results are not similar among all studies, and few 

data about the Brazilian population have been found. Thus, the objective of this study was to 

verify the impact of CC on glycemic control and body weight variation (primary and 

secondary outcome, respectively) between consultations in patients with T1D followed at a 

tertiary hospital in southern Brazil. We also sought to identify predictors of good glycemic 

control and to investigate CC adherence, as well as to identify variables associated with 

adherence. This retrospective cohort study included 232 patients with T1D who underwent 

nutritional monitoring at the Hospital de Clínicas de Porto Alegre between 2014 and 2018. 

Sociodemographic, clinical, laboratory, anthropometric and physical activity data were 

collected. To assess primary and secondary outcomes, data from 49 patients who underwent 

CC during this period and from 180 individuals who used fixed doses of insulin were 

analyzed. The impact of CC on glycemic control was assessed through the mean glycated 

hemoglobin (HbA1c) level at all consultations during the follow-up period, with analysis by 

Generalized Linear Mixed Models for Repeated Measures. Compared to those who used fixed 

doses of insulin, the CC group had more nutritional consultations between 2014-2018, longer 

nutritional follow-up time at baseline and during the follow-up period had higher education 

level and number of pregnant women, as well as higher proportion of white individuals, 

frequency of self-monitoring blood glucose and use of rapid-acting insulin analogs. The 

difference in mean body mass index (BMI) and the proportion of sufficiently vs. insufficiently 

active individuals was not constant between groups over time. In the model adjusted for the 

most confounders (except pregnancy), mean HbA1c was better in the CC group (8.66 ± 0.4% 

vs. 9.36 ± 0.39%; p = 0.016) and body weight variation was lower (0.13 ± 0.28 kg vs. 0.53 ± 

0.24 kg; p = 0.024). Predictors of good glycemic control were lower doses of insulin, no 

autoimmune diseases associated with T1D and no retinopathy; the direction of association 

between fasting glucose and the outcome varied during the follow-up period. Adherence to 

CC was reported in 69,2% of consultations. Higher BMI, lower HbA1c levels and fewer 

missed consultations between 2014 – 2018 were associated with adherence. Given these 

results we conclude that CC optimized the glycemic control of individuals with T1D, 

resulting in less weight variation than the fixed insulin dose group, which indicates that CC is 

an important care strategy for these patients. 



 

 

 

Keywords: carbohydrate counting; type 1 diabetes mellitus; glycemic control; glycated 

hemoglobin; body weight. 
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1 REFERENCIAL TEÓRICO 

 

1.1 EPIDEMIOLOGIA E FISIOPATOLOGIA DO DIABETES MELITO TIPO 1 

 

O diabetes melito (DM) compreende um grupo de doenças metabólicas caracterizadas 

por hiperglicemia, resultante de distúrbios na secreção de insulina e/ou em sua ação. Da 

totalidade dos casos de DM, 5-10% são de diabetes melito tipo 1 (DM1), o qual resulta da 

destruição progressiva das células beta pancreáticas produtoras de insulina, usualmente por 

processo autoimune, embora possa ocorrer também a forma idiopática. O processo de 

destruição das células beta é mediado tanto por fatores genéticos quanto ambientais, os quais 

ainda são pouco compreendidos, e a velocidade de progressão é variável, porém comumente 

rápida em crianças e um pouco mais lenta em adultos. Em decorrência deste quadro 

manifesta-se a hiperglicemia (1), e o paciente torna-se dependente da administração exógena 

de insulina para sobrevivência (2). Embora possa desenvolver-se em qualquer idade, essa 

forma da doença é mais comum em crianças e adolescentes (1). Dados do International 

Diabetes Federation de 2019 (IDF 2019) apontam que o total estimado de crianças e 

adolescentes menores de 15 anos com DM1 é de 600.900, sendo 98.200 novos diagnósticos 

por ano. Com prevalência de 51.500 e incidência anual de 7.300 indivíduos com DM1 nesta 

faixa etária, o Brasil é o terceiro país do mundo com maior número de casos (3).  

A terapia de reposição insulínica é composta por insulina basal e bolus. Enquanto a 

primeira mantém os níveis glicêmicos estáveis no período entre as refeições e durante a noite 

(4) para evitar lipólise e a liberação hepática de glicose, a segunda regula o aumento da 

glicemia que ocorre no momento pós-prandial e/ou corrige a glicemia que não esteja dentro 

do alvo terapêutico estabelecido para aquele paciente. As principais classes desse hormônio 

disponíveis atualmente no mercado são a insulina humana de ação intermediária e a de ação 

rápida e os análogos, que podem ser de ação longa, ultralonga, de ação rápida ou ultrarrápida. 

Os diferentes tipos variam no tempo para início e pico de ação, bem como na duração do 

efeito (Figura 1) (5). 
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Figura 1 - Insulinas humanas e análogos.  

 

Fonte: Adaptado Sociedade Brasileira de Diabetes, 2020 (5). 

 

Dentre as estratégias terapêuticas disponíveis, o regime de insulinoterapia do tipo 

intensivo é o que demonstra melhor equilíbrio entre efetividade e segurança em indivíduos 

com DM1 (6), mimetizando de forma mais satisfatória a secreção fisiológica de insulina. Esse 

esquema consiste na utilização de múltiplas injeções diárias (MDI) de insulina basal (insulina 

de ação intermediária ou análogos de ação longa/ultralonga; 1 – 4 aplicações/dia) e bolus 

(administração de insulina de ação rápida ou análogos de ação rápida/ultrarrápida nas 

refeições) (Figura 2A) ou no uso do sistema de infusão contínuo de insulina (SICI) (Figura 

2B). Nesse dispositivo, esse hormônio é infundido em uma taxa basal pré-programada 

complementada por bolus quando o paciente se alimenta (7).  
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Embora a dose diária total de insulina (DDTI) seja individualizada no tratamento dos 

pacientes com DM1, dependendo de diversos fatores (8), de forma geral a necessidade varia 

de 0,4 – 1 unidade de insulina (UI)/Kg de peso/dia (6), sendo que habitualmente a demanda é 

de 30-50% na forma de insulina basal e o restante em bolus (8).   

 

Figura 2A - Insulinoterapia em MDI. 

 

Fonte: Adaptado de Danne et al., 2018 (7). 

MDI: Múltiplas injeções diárias. 

 

Figura 2B - Insulinoterapia em SICI. 

 

Fonte: Adaptado de Danne et al., 2018 (7). 

CSII: Sistema de infusão contínuo de insulina, do inglês continuous subcutaneous insulin infusion. 
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1.2 CONTROLE GLICÊMICO E COMPLICAÇÕES DO DIABETES 

 

Embora a sobrevida dos pacientes com diagnóstico de DM1 tenha aumentado 

consideravelmente ao longo dos anos (9, 10), com a ocorrência dos distúrbios no metabolismo 

da glicose os indivíduos estão expostos ao risco de desenvolver tanto complicações agudas 

(hipoglicemia e cetoacidose) (11) quanto crônicas microvasculares - retinopatia, neuropatia e 

doença renal do diabetes (DRD) - e macrovasculares - doença cardiovascular (DCV) (12-14) - 

as quais são associadas à consideráveis taxas de morbidade, mortalidade e altos custos em 

saúde (11, 15). A retinopatia é a causa mais frequente de novos casos de cegueira entre 

adultos (20 – 74 anos) nos países desenvolvidos, sendo que doenças oculares como glaucoma 

e catarata, entre outras, ocorrem mais cedo e mais frequentemente em pessoas com DM (16). 

A DRD ocorre em 20 - 40% dos pacientes com DM, podendo progredir para doença renal em 

estágio terminal, exigindo assim o tratamento com diálise ou transplante para sobrevivência 

(17). Já a DCV é a principal causa de morbimortalidade em portadores de DM (18). A 

literatura ainda mostra que indivíduos com DM1 têm menor expectativa de vida quando 

comparados à população em geral, sendo que o número de anos de vida perdidos associa-se à 

idade de diagnóstico, ocorrendo redução mais expressiva (aproximadamente 16 anos) 

naqueles com desenvolvimento da doença anterior aos 10 anos de idade (13). No entanto, a 

redução da incidência das complicações crônicas relacionadas ao DM1 pode ser obtida 

através de um adequado controle glicêmico (19-22).  

O estudo Diabetes Control and Complications Trial (DCCT), que randomizou 

indivíduos com DM1 em dois grupos – o primeiro visando atingir níveis glicêmicos mais 

estritos através da implementação de terapia insulínica intensiva, e o segundo para o 

seguimento do tratamento convencional  - verificou que ao final de 6,5 anos de intervenção a 

melhora do controle glicêmico obtida com o tratamento intensivo reduziu o risco de 

desenvolvimento de retinopatia, albuminúria (≥300 mg/24h) e neuropatia clínica em 76%, 

54% e 60%, respectivamente (23).  

O estudo observacional que deu seguimento ao anterior, o Epidemiology of Diabetes 

Interventions and Complications (EDIC), constatou que dentre os fatores de risco 

modificáveis avaliados o nível de hemoglobina glicada (HbA1c) foi o que teve o maior 

impacto na ocorrência tanto do primeiro evento cardiovascular quanto dos subsequentes (19). 
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Outro estudo prospectivo - seguimento médio de quase 10 anos - realizado a partir de 

registros nacionais de 12.334 indivíduos da população sueca também investigou os fatores 

associados à incidência de complicações macrovasculares. A amostra foi estratificada em 

grupos de duração do DM1: 0–19 anos; 20–29 anos; 30–39 anos; 40–49 anos e ≥ 50 anos. 

Após o ajuste para potenciais fatores de confusão, maiores valores de HbA1c no momento 

basal foram significativamente associados à incidência de DCV em todos os estratos (24). 

Desta forma, torna-se essencial o cuidado contínuo do controle glicêmico dos 

pacientes, sendo um dos meios de avaliação amplamente utilizados a HbA1c, a qual reflete a 

glicemia dos 3 meses anteriores ao exame. As seguintes metas são estabelecidas pela 

American Diabetes Association (ADA) para a maioria dos indivíduos com DM, embora possa 

haver individualização de valores de acordo com a condição clínica: 1) crianças e 

adolescentes < 7%; 2) adultos < 7%; 3) idosos < 7 - 7,5%; 4) gestantes < 6% (25-28). 

Recomenda-se a avaliação pelo menos duas vezes ao ano nos indivíduos com controle estável 

e que estejam dentro do alvo glicêmico, porém dosagens no mínimo trimestrais são indicadas 

no caso de alteração do esquema terapêutico ou quando as metas estipuladas não estejam 

sendo atingidas (25).  

 

1.3 CONTAGEM DE CARBOIDRATOS  

 

1.3.1 Técnicas  

 

Diante de tais evidências, torna-se necessária a utilização de abordagens no tratamento 

do DM1 que otimizem o controle glicêmico, sendo a contagem de carboidratos (CC) uma 

estratégia nutricional recomendada pelas diretrizes em diabetes (29).  

Esta abordagem tem como foco a quantidade de carboidrato (CHO) ingerida (30), 

baseando-se no fato de que esse nutriente é o maior determinante da resposta glicêmica pós-

prandial - e consequentemente da necessidade insulínica – sendo a totalidade do que é 

ingerido convertida em glicose em um período de 15 minutos a 2 horas, enquanto 35 – 60% 

das proteínas e apenas 10% das gorduras passam por essa conversão, a qual ocorre em um 

período mais tardio (3 – 4 e 3 – 5 horas, respectivamente) (8).  
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Como técnicas de contagem existe o método em gramas de CHO e a CC pela lista de 

equivalentes (ou substitutos) de CHO (8). Nesse último, mais simples, para cada refeição 

realizada são estabelecidas metas de equivalentes de CHO, os quais correspondem a porções 

de alimentos que contêm aproximadamente 15 gramas deste nutriente. Além das metas, são 

oferecidas ao paciente possibilidades de troca entre esses equivalentes, estimulando-se que 

elas ocorram dentro do mesmo grupo alimentar (31).  

Já a CC em gramas busca estabelecer a dose de insulina bolus a ser aplicada nas 

refeições através do equilíbrio entre o nível glicêmico pré-prandial e a quantidade de CHO 

ingerida (6, 8). Para a realização desse cálculo é necessário definir previamente dois 

parâmetros, a razão insulina carboidrato (I/CHO) e o fator de sensibilidade (FS), já que os 

mesmos variam entre os indivíduos. O primeiro indica as gramas de CHO metabolizadas por 

uma UI, enquanto o segundo informa o quanto a glicemia (mg/dl) reduz para cada UI aplicada 

(32). A I/CHO pode ser estimada por uma regra geral, em que 1 UI metaboliza 20-30g de 

CHO para crianças, 10-15g para adolescentes e 15g para adultos, bem como - nesse último 

grupo – determinada pelo peso corporal (Figura 3) (5). 

 

Figura 3 - I/CHO em adultos de acordo com o peso.  

 

 

Fonte: Sociedade Brasileira de Diabetes, 2020 (5). 

RIC: razão insulina carboidrato; 1U: uma unidade de insulina; g: gramas de CHO metabolizadas por 

uma unidade de insulina. 
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Uma forma bastante utilizada para obter a I/CHO, bem como o FS, é aquela em que se 

divide uma constante pela DDTI aplicada pelo paciente (5). A constante utilizada não é uma 

unanimidade entre as diferentes sociedades e autores. A seguir são descritos os valores 

preconizados pela Sociedade Brasileira de Diabetes (SBD) e pela International Society for 

Pediatric and Adolescent Diabetes (ISPAD). Para I/CHO: 400, porém se uso de SICI 500 para 

crianças e 450 para adultos - diretriz da SBD (8); 400 a 500, porém em < 5 anos 300 ou 350 – 

posicionamento da SBD sobre Conduta Terapêutica no DM1 (5); 500 para a faixa etária 

pediátrica – guideline da ISPAD (7). Já para o FS as recomendações são as seguintes: 1500 

para insulina de ação rápida ou 2000 (1700, 1800, 2100) se utilização de análogos de ação 

rápida, entretanto se uso de SICI 1700 a 1800 para adultos e 1800 a 2000 para crianças - 

diretriz da SBD (8); 1800, porém 2000 para crianças e naqueles < 5 anos usar 2.500 a 3.500 – 

posicionamento da SBD sobre Conduta Terapêutica no DM1 (5); 1500 para insulina de ação 

rápida ou 1800 se utilização de análogos para crianças e adolescentes – guideline da ISPAD 

(7). 

Através desses parâmetros, da quantificação das gramas de CHO ingeridas na refeição 

e da mensuração da glicemia pré-prandial, bem como do conhecimento da meta glicêmica, o 

paciente - capacitado por um profissional - calcula o bolus de insulina a ser aplicado (32), 

conforme a seguinte fórmula (8):  

 

Insulina bolus total = Bolus de alimentação (BA) + Bolus de correção (BC), sendo, 

BA= gramas de carboidrato da refeição/(I/CHO) 

BC = (glicemia pré-prandial – meta glicêmica)/FS 

 

  O BA corresponde a quantidade de insulina necessária para metabolizar os CHO da 

refeição a ser ingerida, enquanto o BC é a insulina requerida para corrigir a glicemia caso essa 

não se encontre na meta pré-prandial estipulada (8). 

  A seguir é mostrado um exemplo de aplicação da CC em gramas: paciente com DM1, 

30 anos, o qual aplica em média 36 UI ao dia (análogo de ação longa + análogo de ação 

rápida) através de MDI e tem como meta de glicemia pré-prandial o intervalo de 70 – 100 

mg/dl. A partir dessas informações podem ser determinados a I/CHO e o FS: 
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I/CHO = 500/DDTI I/CHO = 500/36 I/CHO=13,8 – (arredondamento para 14) 

FS = 1800/DDTI FS = 1800/36  FS = 50 

 

  Supondo-se que esse indivíduo consuma um almoço com um total de 54 gramas de 

CHO e esteja com uma glicemia pré-prandial de 155 mg/dl, a dose de insulina bolus a ser 

aplicada nesta refeição pode ser calculada da seguinte forma:  

 

Bolus total = BA + BC, sendo,  

BA = 54/14   BA = 3,8 UI 

BC = (155 – 100) / 50  BC = 1,1 UI 

Bolus Total = 4,9 UI (arredondamento para 5 UI) 

 

Nas consultas de seguimento avalia-se a necessidade de ajustes na I/CHO e FS, 

através dos valores glicêmicos registrados pelos pacientes. Considera-se que a CC está 

adequada quando a glicemia 2 horas pós-prandial está dentro da meta estabelecida para esse 

horário e quando não difere por mais do que 20 a 30 mg/dl da glicemia pré-prandial (8, 33, 

34).  

Embora o CHO tenha impacto predominante sobre a glicemia pós-prandial, em 

situações em que ocorre consumo excessivo de proteína e gordura pode haver necessidade de 

ajustes na dose de insulina a fim de compensar a hiperglicemia decorrente, já que o efeito 

destes nutrientes é menor e mais tardio, porém não nulo. Embora já tenham sido propostos 

diversos algoritmos para compensação insulínica em tais situações (35), até o momento não 

está estabelecido um que possa ser utilizado de forma generalizada com segurança e 

efetividade, de forma que recomenda-se individualização para cada paciente, estabelecendo 

metas realistas e incentivando a monitorização glicêmica (8).  

 

1.3.2 Efeito sobre o controle glicêmico e peso corporal  

 

Estudos prévios avaliaram a CC como estratégia nutricional de otimização do controle 

glicêmico, porém nem todos encontraram resultados semelhantes. Enquanto alguns ensaios 
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clínicos randomizados (ECR) resultaram em efeito nulo da CC em comparação a um grupo 

controle sobre a HbA1c (36-39), outros mostraram melhor controle glicêmico com a 

intervenção (40-43), sendo a maior diferença encontrada no estudo DAFNE: diferença entre 

médias (MD) de HbA1c; Intervalo de Confiança de 95 % (IC 95%) = -1; -1,4 a -0,5% (40).  

Buscando determinar o impacto desta ferramenta na redução da HbA1c, uma revisão 

sistemática e metanálise de ECR (incluindo os acima citados) ou quasi-randomizados 

publicada em 2016 comparou indivíduos com DM1 em CC com aqueles que recebiam dieta 

para DM ou educação alimentar em diabetes, encontrando valores menores de HbA1c nos 

pacientes que realizavam contagem (MD; IC 95% = -0,35; -0,65 a -0,05%; p=0,023). Porém a 

qualidade da evidência produzida foi avaliada como moderada, havendo risco de viés e 

expressiva heterogeneidade entre os estudos. Na análise de subgrupos foi mantida a 

significância a favor da CC nos estudos que a comparavam com educação alimentar, mas não 

em relação a outras dietas para DM, e naqueles estudos realizados em adultos, mas não na 

população pediátrica (44).  

Outro estudo recente, que randomizou crianças e adolescentes em dois grupos (CC vs. 

controle), também resultou em melhora do controle glicêmico em quem que recebeu a 

intervenção aos 3 meses de acompanhamento (HbA1c = 7,53 ± 0,61% vs 7,88 ± 0,56%; p = 

0,009), porém houve perda do benefício aos 6, 9 e 12 meses. No entanto, ao considerar-se a 

média geral, durante 1 ano de intervenção, a HbA1c foi menor em quem recebeu o tratamento 

(7,63 ± 0,43% vs 7,85 ± 0,47%, p < 0,05) (45). De maneira semelhante, outro ECR publicado 

em 2021 mostrou efeitos positivos da CC na HbA1c à curto prazo (3 meses de intervenção), 

porém houve ausência de diferença significativa ao término dos 12 meses de tratamento (46).  

A literatura oriunda da população brasileira sobre o efeito da CC no controle 

glicêmico em DM1 é limitada, e o grau da evidência produzida é mais frágil. Em um estudo 

transversal realizado com 120 crianças e adolescentes tratados em um serviço público de 

referência no Rio de Janeiro, o uso da CC foi associado a menores níveis de HbA1c (47). 

Ainda há dados provenientes de um ensaio clínico, o qual foi incluído na metanálise 

anteriormente citada (44), que avaliou 28 adolescentes de um hospital de Goiás alocados em 2 

grupos, sendo que ambos receberam orientação nutricional porém somente o intervenção foi 

tratado com CC. Ao fim do acompanhamento de 4 meses houve aumento e redução 
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significativos de HbA1c no grupo controle e intervenção, respectivamente, com diferença 

também significativa entre grupos (48). 

O efeito da CC em outras variáveis também tem sido investigado. Enquanto para 

indivíduos em uso de doses fixas de insulina o planejamento alimentar enfatiza um padrão de 

consumo de CHO relativamente fixo tanto em quantidade quanto nos horários do dia (29), a 

CC, por possibilitar ajustes na dose do bolus de acordo com o consumo do nutriente, 

proporciona maior flexibilização na alimentação do paciente com DM (40, 49, 50). Essa 

flexibilização em si poderia resultar em aumento do peso, bem como associar-se à aplicação 

de maiores de insulina. Dessa forma, alguns autores buscaram avaliar o impacto desta técnica 

no peso corporal, no entanto a maioria dos estudos não mostraram associação entre esta 

estratégia nutricional e mudança de peso (36, 40, 42) ou índice de massa corporal (IMC) (42, 

43, 45), sendo que em um estudo ocorreu redução de IMC no grupo que realizava CC quando 

comparado ao controle (49).  

 

1.4 ADERÊNCIA AO TRATAMENTO E PREDITORES DO CONTROLE GLICÊMICO 

 

Apesar dos avanços no conhecimento sobre os benefícios da intensificação do controle 

da glicemia, um percentual expressivo de pacientes com DM1 permanece com metas de 

HbA1c subótimas (51), sendo o grau de adesão às orientações da equipe assistencial um dos 

fatores que podem afetar a efetividade do tratamento clínico (52). Um estudo transversal que 

avaliou indivíduos com DM1 do SEARCH for Diabetes in Youth Study que haviam sido 

ensinados a realizar CC, investigou através de um questionário se o controle glicêmico diferia 

entre os pacientes que autorrelatavam o uso da CC "frequentemente", "às vezes" ou "nunca". 

Para aqueles com baixo peso e os eutróficos, aplicar a CC "frequentemente" foi associado a 

menores valores HbA1c do que utilizar "às vezes / nunca". No entanto, nos indivíduos com 

sobrepeso/obesidade essa associação não foi significativa (53). 

Como já citado anteriormente, a CC é uma importante estratégia nutricional no 

cuidado do DM1 (29), desta forma é importante avaliar a adesão ao tratamento dos pacientes 

que seguem essa abordagem terapêutica. No entanto, a literatura que investiga a aderência 

especificamente à esta técnica ainda carece de uniformidade e de método padrão-ouro. 
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  Em um ECR os autores analisaram a aderência verificando se a CC, quando 

comparada ao controle (uso de doses fixas de insulina com correção para a glicemia pré-

prandial), resultava em maior ajuste na dose de insulina por dia. Para tanto calcularam um 

coeficiente de variação da dose de insulina aplicada por refeição e o compararam entre os 

grupos. O valor encontrado – coeficiente geral e por refeição (café da manhã, almoço e janta) 

– foi maior em quem realizou a CC, o que indica que o grupo intervenção realmente fez mais 

ajustes de dose, como seria esperado (36).  

Outros autores avaliam apenas a acurácia dos pacientes em contabilizar as gramas de 

CHO dos alimentos (54, 55). Um estudo realizado em adultos verificou que as gramas de 

CHO contabilizadas foram subestimadas em 62,7% das refeições, com MD de 15,4±7,8 

gramas por refeição (55). Outros dados provenientes de crianças, adolescentes e seus 

cuidadores mostram que do total de refeições e lanches analisados, 43% das estimativas 

realizadas estavam dentro de 5–7 g do conteúdo real de CHO e 73% dentro de 10–15g (54). 

Também há instrumentos como o PedCarbQuizz, o qual não possui validação para a 

população brasileira, que acessa o conhecimento que o paciente possui acerca dos 

carboidratos e dosagem de insulina. O questionário é dividido em domínios: reconhecimento 

de alimentos fonte de CHO e das gramas desse nutriente em porções de alimentos e refeições, 

leitura de rótulos, uso de escalas de correção da dose de insulina com base no nível glicêmico, 

utilização da I/CHO para cálculo do bolus e determinação da dose total de insulina a ser 

aplicada na refeição (56). 

A literatura também investiga possíveis barreiras que podem impactar negativamente a 

adesão ao tratamento. Um estudo transversal realizado com 83 indivíduos com DM1 sugeriu 

que a falta de confiança do paciente na habilidade em realizar a CC (ou seja, o quão fácil eles 

achavam que era cometer erros contando CHO em uma refeição) foi uma barreira 

significativamente associada com os níveis de HbA1c, a qual foi utilizada como uma medida 

indireta de aderência (57). De forma semelhante, outro estudo que não avaliou a CC em si, 

mas sim a dieta, sugere que a falta de conhecimento ou falhas no entendimento sobre o 

manejo alimentar do DM1 poderiam ser fatores de risco para a baixa adesão à dieta prescrita 

(58). Em um dos ECR anteriormente citados também foi aferida a percepção de complexidade 

da CC, sendo essa intervenção vista pelos pacientes como uma abordagem mais complexa do 
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que o uso de doses fixas de insulina (36), o que poderia potencialmente ser uma barreira para 

sua implementação. No entanto, os autores relataram aderência dos indivíduos à técnica (36). 

Ainda existem dados que analisam a aderência à dieta, não especificamente à CC, 

sendo um dos métodos utilizados a aplicação de inquéritos alimentares, com posterior 

comparação do consumo alimentar com as recomendações existentes (59), e outros autores 

que avaliam a adesão ao tratamento do DM1 de forma geral, através de diferentes 

metodologias. Dentre as técnicas empregadas estão a avaliação da frequência de 

monitoramento da glicemia capilar, relato de profissionais da saúde (60) e ferramentas como 

o Diabetes Self-Management Profile (DSMP) (61, 62) e o Self-Care Inventory-Revised (SCI-

R) (63).  

A literatura investiga também fatores associados à aderência ao tratamento do DM1. 

Embora não tenham sido encontrados estudos que façam essa análise especificamente em 

relação à CC, há dados brasileiros que sugerem que a etnia caucasiana, o maior nº de 

consultas médicas e a prática da CC ou outras dietas recomendadas pelas sociedades de DM 

são associadas à maior aderência à dieta em indivíduos com DM1. Já a idade (adolescência), 

maiores valores de IMC e o tabagismo foram associados à pior aderência (64). 

Além da CC diversos outros fatores têm sido investigados como possíveis preditores 

do controle glicêmico no DM1. Dentre eles, os estudos têm sido mais consistentes em 

demonstrar que indivíduos que monitoram a glicemia têm menores valores de HbA1c do que 

aqueles que não realizam ou fazem poucas medições diárias (65-68). Também há dados que 

mostram associação entre a aderência ao tratamento e o melhor controle glicêmico, associação 

não linear entre idade e HbA1c (maiores valores na puberdade) (69) e pior controle 

metabólico na presença de doenças psiquiátricas como a depressão e ansiedade (69, 70). 

 

JUSTIFICATIVA  

 

  Indivíduos com DM1 estão expostos ao maior risco de desenvolver desfechos 

desfavoráveis (12-14), porém essa incidência pode ser reduzida através de um adequado 

controle glicêmico (19-22), sendo necessária a adoção de tratamentos que otimizem esse 

controle. Existem evidências de que a CC pode ser uma dessas estratégias, porém nem todos 

os estudos encontraram efeitos similares no controle metabólico (44). Além disso, foram 
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localizados poucos estudos e com curta duração na população brasileira, sendo que nenhum 

desses foi realizado na região Sul do país (47, 48). Desta forma, desejamos avaliar o impacto 

da CC na HbA1c, seu efeito na variação de peso corporal bem como a aderência à técnica e 

possíveis variáveis associadas à adesão e ao bom controle glicêmico, através de uma coorte de 

pacientes com DM1 acompanhados em hospital escola de referência ao atendimento em 

diabetes no sul do Brasil. 
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Abstract  

 

Background & aims: Patients with type 1 diabetes mellitus (T1D) are at risk of developing 

complications, which can be reduced through adequate glycemic control. There is evidence 

that carbohydrate counting (CC) optimizes control, but the results are not similar among all 

studies. Thus, the objective of this study was to verify the impact of CC on glycemic control 

and body weight variation (primary and secondary outcome, respectively) between 

consultations in patients with T1D followed at a tertiary hospital in southern Brazil in a public 

health system environment. We also sought to identify predictors of good glycemic control 

and to investigate CC adherence, as well as to identify variables associated with adherence. 

Methods: This retrospective cohort study included 232 patients with T1D who underwent 

nutritional monitoring at the Hospital de Clínicas de Porto Alegre between 2014 and 2018. To 

assess primary and secondary outcomes, data from 49 patients who underwent CC during this 

period and from 180 individuals who used fixed doses of insulin were analyzed. The impact 

of CC on glycemic control was assessed through the mean glycated hemoglobin (HbA1c) 

level at all consultations during the follow-up period. Results: In the model adjusted for the 

most confounders (except pregnancy), mean HbA1c was better in the CC group (8.66 ± 0.4% 

vs. 9.36 ± 0.39%; p = 0.016), and body weight variation was lower (0.13 ± 0.28 kg vs. 0.53 ± 

0.24 kg; p = 0.024). Predictors of good glycemic control were lower doses of insulin, no 

autoimmune diseases associated with T1D, and no retinopathy; the direction of association 

between fasting glucose and the outcome varied during the follow-up period. Adherence to 

CC was reported in 69,2% of consultations. Higher body mass index, lower HbA1c levels, 

and fewer missed consultations were associated with adherence. Conclusion: CC optimized 
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the glycemic control of individuals with T1D, resulting in less weight variation than the fixed 

insulin dose group, which indicates that CC is an important care strategy for these patients. 

 

Keywords: Carbohydrate Counting. Type 1 Diabetes Mellitus. Glycemic Control. Glycated 

Hemoglobin. Body Weight. 
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cLDL: Low-density-lipoprotein cholesterol 

CVD: Cardiovascular disease 

DKD: Diabetic kidney disease 

DM: Diabetes mellitus 

GFR: Glomerular filtration rate 

HbA1c: Glycated hemoglobin 

HCPA: Hospital de Clínicas de Porto Alegre 

ICR: Insulin to carbohydrate ratio 

ISF: Insulin sensitivity factor 

MB: Meal bolus 

MD: Mean difference 

OR: Odds ratio 

RCT: Randomized control trial 

SD: Standard deviation 

SE: Standard error 



36 
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Introduction 

 

Treating type 1 diabetes mellitus (T1D) is a challenge for patients, their families, and 

the multidisciplinary care team due to the disease’s characteristics, the use of insulin and the 

constant monitoring of blood glucose levels. Hyperglycemia exposes individuals to the risk of 

developing chronic complications (1-3), which are associated with considerable rates of 

morbidity, mortality and high health cost (4, 5). However, long-term observational follow-up 

studies and clinical trials have demonstrated a lower incidence of microvascular and 

macrovascular disease through adequate glycemic control (6-9). Given that, different 

treatment approaches that optimize glycemic control should be explored, including 

carbohydrate counting (CC) (10). This technique focuses on the amount of carbohydrates 

(CHO) consumed (11), since this nutrient is the major determinant of postprandial glycemic 

response (12).  

Divergent results have been found in previous studies on CC as a strategy for 

optimizing glycemic control in individuals with T1D. While some studies have reported that 

CC has no effect on glycated hemoglobin (HbA1c) compared to a control group (13-16), 

others have found better control through the intervention (17-20). The greatest difference was 

found in the DAFNE study: approximately 1% difference in HbA1c reduction (18). Some 

short-term Brazilian studies have also found that CC optimizes glycemic control, although 

none were conducted in the southern region of the country (21, 22). 

Because CC provides dietary flexibility in the diet by allowing bolus dose adjustments 

according to CHO consumption, which could additionally result in higher doses of insulin 

(18, 23, 24), it is also important to investigate the effect of this technique on body weight, 

since obesity is associated with a less favorable cardiometabolic profile (25). However, most 
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studies have not associated CC with weight (16-18) or body mass index (BMI) (17, 20, 26), 

with some data indicating that CC leads to reduced  BMI (23). 

  In view of such evidence, the aim of the present study was to evaluate the effects of 

CC on glycemic control, as well as on variation in body weight between consultations, in T1D 

patients treated at a tertiary hospital in southern Brazil in a real-life public health care model. 

We also sought to identify predictor variables of good glycemic control and assess CC 

adherence, as well as investigate variables associated with adherence. 

 

Materials & Methods  

 

This retrospective cohort study included all patients (children, adolescents, adults, 

older adults, and pregnant women) diagnosed with T1D who had consultations with the 

dietitian at the outpatient endocrinology clinic of the Hospital de Clínicas de Porto Alegre 

(HCPA), Rio Grande do Sul, Brazil, between January 2014 and December 2018. A total of 

326 potentially eligible patients were identified through the hospital’s electronic records of 

consultations during the period.  We excluded a total of 94 patients who, during the study 

period: had only one nutritional consultation (n=80), received less than 3 months of 

nutritional follow-up (n = 13), or performed CC for less than 3 months (n = 1). Thus, the final 

sample consisted of 232 patients. To assess glycemic control and body weight change 

between consultations (primary and secondary outcome, respectively), the patients were 

divided into two groups, a group that only underwent conventional nutritional monitoring but 

not CC (n=180) and used fixed doses of insulin, and a group that performed CC between 2014 

and 2018 (n=52). Patients in the second group could have begun CC before or during the 

study period or interrupted it between 2014-2018. Thus, since some CC group patients were 
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using fixed doses of insulin at the time of one or more consultations, only data from the 

period in which the patients were actually performing CC were included in the primary and 

secondary outcome analysis, then only these consultations were considered as follow-up time 

in the analysis. As a result, 3 additional individuals were excluded for this assessment, since 

only one nutritional consultation could be analyzed; hence, the CC group included a total of 

49 individuals. However, to determine predictors of good glycemic control, data from all 

nutritional consultations between 2014-2018 for all 232 patients were included, although to 

determine adherence to CC and variables associated with adherence, the only consultations 

considered were those in which CC was performed. 

Patients who underwent CC were trained by the outpatient dietitian (27). The dose of 

insulin bolus to be applied at the meal was calculated using the following formula (12, 28):  

Total bolus = meal bolus (MB) + correction bolus (CB), being, 

MB = grams of carbohydrate in the meal/insulin-to-carbohydrate ratio (ICR) 

CB = (preprandial glucose - glycemic target)/insulin sensitivity factor (ISF) 

  The ICR indicates the grams of carbohydrates metabolized by one unit of insulin (UI), 

while the ISF reports the blood glucose reduction (mg/dl) for each administered UI (12, 29).  

Initially, the ICR was estimated as 500 divided by the total daily insulin dose (TDID), while 

the ISF was calculated as 1500 or 1800 (for short-acting insulin or rapid-acting insulin 

analogs, respectively) divided by the TDID (12, 30, 31). Necessary adjustments to the ICR 

and the ISF were made at follow-up consultations based on patient-recorded glycemic 

controls and insulin doses (12). Changes in basal insulin doses were made by an 

endocrinologist at the diabetes clinic.  

Patients who underwent nutritional monitoring but not CC received individual 

nutritional guidance at each consultation and administered fixed doses of bolus insulin 
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adjusted only to the preprandial blood glucose value; these doses were also prescribed by an 

endocrinologist.  

The data were extracted entirely from the electronic records of each patient. The 

following sociodemographic data were collected: sex, ethnicity, and maximum education 

level reported during the follow-up period (classified as ignored, none, elementary/high 

school/ higher education or graduate school - complete or incomplete). The following clinical 

data were also collected: date of T1D diagnosis and date of initial nutritional monitoring and 

CC.  

The following repeated measures variables were collected at each nutritional 

consultation between January 2014 and December 2018: CC (yes vs. no), self-monitoring of 

capillary blood glucose (SMBG) as recommended (yes vs. no), pregnancy (yes vs. no - adult 

and adolescent women), medications used, types of insulin administered (basal: intermediate-

acting or long-acting analogues; bolus: short-acting or rapid-acting analogs) and daily dose 

per kg of body weight. The following laboratory tests performed for routine consultations 

were verified: plasma levels of fasting glucose, HbA1c, total cholesterol (TC), high density 

lipoprotein cholesterol (cHDL), triglycerides (TG), and albuminuria from urine sample. The 

low density lipoprotein  cholesterol (cLDL) concentration was calculated using the 

Friedewald formula: cLDL = TC – (cHDL + TG/5) when TG levels < 400 mg/dl (32). Kidney 

function was determined by calculating the glomerular filtration rate (GFR) using the CKD-

EPI formula for adults and Schwartz’ method for children and adolescents (33). For 

anthropometric evaluation, weight and height were collected to calculate BMI using the 

formula weight/height², and nutritional status was evaluated using the cutoff points 

recommended for adults (34), elderly (35) and pregnant women (36). For children and 

adolescents the WHO Anthro and WHO AnthroPlus software were used to calculate BMI-for-



41 

 

 

age z-scores (37, 38). Patients were divided in two categories: underweight/eutrophic vs. 

excess weight (overweight or obesity). The variation in body weight in relation to that of the 

previous nutritional consultation was also calculated. To assess the patients’ physical activity 

level, the total time of activity (minutes) per week was determined, and the individuals were 

then classified as either sufficiently active (≥ 60 minutes/day for children and adolescents and 

≥ 150 min/week for adults) or insufficiently active (10).  

At each nutritional consultation, patients in the CC group were asked about 

performing the technique according to the instructions received. Until deemed necessary 

(usually until assimilation of the method), the dietitian requested records of the food and 

quantities ingested, the calculation of corresponding CHO grams, the MB and CB. Adherence 

to CC was assessed by the report in the dietitian's records, and patients were classified as 

adherent (when the dietitian reported correct CC performance according to her prescription) 

vs. not-/partially adherent (if the professional reported not performing/partially performing the 

provided orientation). 

Based on the information collected, age, diabetes mellitus (DM) duration, nutritional 

follow-up time, and time of CC were calculated for each nutritional consultation. The total 

number of nutritional consultations and absences between 2014 and 2018 was also calculated.  

Data were also collected on comorbidities and chronic complications of DM 

(developed before or during the follow-up period). Complications included medical diagnosis 

of retinopathy, neuropathy, diabetic kidney disease (DKD) or cardiovascular events (death 

from cardiovascular disease (CVD), acute myocardial infarction, stroke, and peripheral or 

coronary artery disease requiring revascularization or angioplasty). DKD was considered 

confirmed when the patient had at least two values indicating albuminuria ≥14 mg/l or a GFR 

< 60 ml/min/1.73m² at least 6 months before diagnosis of DKD (12). Comorbidities included 
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hypertension, psychiatric diseases (depression, bulimia, panic syndrome, anxiety disorder, 

bipolarity, attention deficit, and hyperactivity), functional thyroid diseases (hypothyroidism or 

hyperthyroidism), other autoimmune diseases in addition to T1D (celiac disease, Hashimoto's 

thyroiditis, rheumatoid arthritis, Graves' disease, Sjogren's syndrome and vitiligo), and eye 

diseases other than diabetic retinopathy (amaurosis, cataracts and glaucoma). 

Due to the complexity of estimating the TDID per patient, data imputations were made 

in some situations of missing or confusing values, ie, the mean of the previous and subsequent 

consultation or, when referring to the last and first consultations, repeating the value 

immediately before or after, respectively. For the other variables, missing data were 

considered missing. The primary outcome was the effect of CC on glycemic control through 

HbA1c values. As a secondary outcome, the impact of CC on body weight variation between 

appointments was considered. Possible predictors of good glycemic control were also 

analyzed. For this analysis, the HbA1c values collected at each visit were classified. Values 

that attained the HbA1c target - determined according to the following American Diabetes 

Association (ADA) cutoff points - were generally designated as good glycemic control: 1) 

children and adolescents < 7%; 2) adults < 7%; 3) elderly <7.5%; 4) pregnant women < 6% 

(39-42). In individual cases of severe complications, such as CVD or advanced DKD, 

individual goals were discussed with the medical team. We also calculated the proportion of 

CC consultations in which patients were considered adherent, subsequently determining 

variables associated with adherence.  

This study was approved by the Research Ethics Committee of the HCPA Graduate 

Studies Group (protocol 2019-0079). All researchers involved in the study signed the Data 

Use Agreement. 
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Statistical Analysis 

 

Variables were analyzed as either single measure (a single value during the follow-up 

period or referring to baseline, ie, the first consultation evaluated between 2014 and 2018) or 

as repeated measures over the follow-up period (measured at each nutritional consultation). 

For the primary and secondary outcomes, single-measure variables are presented as 

mean ± standard deviation (SD), median (interquartile range P25 – P75) or number of cases 

(%). The distribution of continuous variables was evaluated using the Shapiro-Wilk test. The 

t-test, the Mann-Whitney test, and the chi-square test were used to compare parametric, 

nonparametric, and categorical variables, respectively, between the CC group and the group 

that used fixed doses of insulin. A linear mixed model for repeated measures, a generalized 

linear mixed model for repeated measures and a generalized linear mixed model for 

dichotomous response were used to compare parametric, nonparametric and categorical 

variables, respectively, measured at each nutritional consultation. In addition to the main 

effect of the variable (p-value), its interaction with time (p for interaction) was also analyzed. 

Continuous variables will be presented as means ± standard error (SE) and 95% confidence 

interval (95% CI), and dichotomous variables as estimated proportion (%) ± SE and 95% CI. 

Variables whose effect was not constant during the follow-up period (p for interaction < 0.05) 

will only have this effect cited in the text, since the values are not the same in the different 

periods and the follow-up time was treated as a continuous variable in this analysis (number 

of weeks elapsed between each nutritional consultation during the follow-up period and the 

baseline consultation), therefore, it varies among patients, with considerable extension and 

variability of values.  
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For the CC adherence analysis, we calculated the frequency (%) of consultations 

(among those in which CC was performed) in which patients were classified as compliant. 

Variables associated with good glycemic control and CC adherence were analyzed 

using generalized linear models (generalized estimating equations), showing odds ratio (OR) 

and 95% CI. For a categorical response model to have good convergence, it is necessary to 

have an adequate frequency of data at all times. Thus, in this analysis, the data were filtered 

for a maximum of 10 follow-up time points (here, time was treated as a categorical variable, 

with each point corresponding to a consultation between 2014 and 2018), since few patients 

had more consultations. The variables that obtained the necessary convergence for the 

analysis are listed below. Single-measure predictors of good glycemic control included 

retinopathy, neuropathy, positive albuminuria, other autoimmune diseases associated with 

T1D, hypertension, sex, education, age at DM diagnosis, and number of consultation absences 

between 2014-2018. Repeated-measure predictors included physical activity level, 

performance or not of CC, age, duration of nutritional follow-up, duration of illness, TDID, 

fasting glucose, BMI, nutritional status and type of basal insulin applied. Single measure 

predictors of CC adherence included retinopathy, thyroid disease, sex, education, age at DM 

diagnosis, and number of consultation absences between 2014-2018. Repeated measure 

predictors included physical activity level, age, duration of nutritional follow-up, duration of 

illness, TDID, fasting glucose, HbA1c and BMI. 

Although education was included in the between-group analyses (CC vs. fixed insulin 

doses) in all categories (ignored, none, elementary school/high school/ higher education or 

graduate school - complete or incomplete), it will be presented as ignored/≤ completed 

elementary school, high school, or ≥ incomplete higher education. Due to the impossibility of 

data convergence in the model identifying variables associated with good glycemic control 
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and CC adherence, this variable was grouped into the three aforementioned categories still in 

the analyses. 

All repeated measures analyses were adjusted for the duration of the patients’ 

nutritional follow-up at baseline, as well as for the time (continuous or categorical variable, 

depending on the model). Multivariate models were developed based on univariate results and 

clinical judgment. As the number of pregnant women was different between groups (CC vs. 

fixed doses of insulin), this variable was included in the multivariate analysis, however, the 

number of individuals in this model was significantly reduced (only adult and adolescent 

women), therefore an analysis with the total sample, but excluding consultations during 

pregnancy, was also carried out. In the CC adherence analysis, data convergence was 

impossible when all significant variables from the univariate model were added. Thus, only 

HbA1c, BMI, and the number of absences during the follow-up period were selected for the 

multivariate model. 

P-values < 0.05 were considered statistically significant. The analyses were performed 

in SPSS, version 22.0 (IBM Corp, Armonk, NY), except for the OR when there was a 

significant interaction between variable and time (p for interaction < 0.05) in the multivariate 

model, which was calculated using SAS version 9.4 (SAS Institute, Cary, NC). 

 

Results 

 

The median follow-up time was 105 (43 – 198) weeks. Table 1 compares the single 

measure variables between the groups (CC vs. not CC), including sociodemographic and 

clinical characteristics, the number of pregnant women, and the number of consultations. 

Regarding ethnicity, there was higher percentage of whites in the CC group than the group 
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using fixed doses of insulin [49 (100%) vs. 161 (89.4%); p = 0.045]. The CC group also had a 

higher education level (ie, more patients with at least incomplete higher education and fewer 

with ignored education degree or with no more than primary education p = 0.001). In 

addition, the CC group had more pregnant women [5 (10.2%) vs. 1 (0.55%); p = 0.003] and 

longer nutritional follow-up at baseline [97 (5.5-129.5) vs. 43.5 (0-126.75) months]. The total 

number of nutritional consultations carried out between 2014 and 2018 was also higher in the 

CC group [10 (6-14) vs. 5 (3-9); p = 0.000]. There were no significant differences between 

the groups for the other variables. 

Table 2 shows the comparisons regarding repeated measures clinical, laboratory and 

anthropometric variables. SMBG was performed more frequently in the CC group (92.2 ± 2.4 

vs. 84.4 ±1.8; p value = 0.005), as well as the use of rapid-acting insulin analogs (100 ± 0 vs. 

77.9 ± 3.1; p value = 0.000). There were significant differences in BMI and the proportion of 

patients classified as sufficiently vs. insufficiently active between the two groups, although 

these values were not constant throughout follow-up (p for interaction = 0.008 and 0.005, 

respectively). 

HbA1c values collected in both groups at each nutritional consultation analyzed 

during follow-up are shown in Figure 1. Table 3 shows the association between CC and 

glycemic control during the follow-up period. After adjusting for most confounding variables 

(model 1), mean HbA1c was significantly lower in the CC group than in the fixed doses of 

insulin group (8.66 ± 0.4% vs. 9.36 ± 0.39%, p value = 0.016) and this difference was 

constant over time (p for interaction = 0.841). When performing an additional adjustment for 

pregnancy (model 2), although there was a lower mean HbA1c in the CC group (8.26 ± 0.58% 

vs. 8.82 ± 0.55%), it was not significant (p value = 0.107 and p for interaction = 0,999).  
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  The mean weight variation between nutritional consultations (Table 4) was positive in 

both groups but lower in those that performed CC (model 3) (0.13 ± 0.28 kg vs. 0.53 ± 0.24 

kg, p value = 0.024), and this difference was also constant throughout the follow-up period (p 

for interaction = 0.226). In an additional adjustment for pregnancy using only data from adult 

and adolescent women, the difference, although still significant, was not constant throughout 

the follow-up period (p for interaction = 0.035).  

  Performing the same analyses, but excluding consultations during pregnancy, one 

patient was excluded from the CC group and the statistical difference for ethnicity was not 

maintained between groups [whites: 48 (100%) in CC vs. 161 (89.4%) in not CC; p = 0.051]. 

All other results were similar to those conducted with the entire sample (data not shown). 

Among the variables analyzed, insulin dose, nutritional status, other autoimmune 

diseases, fasting glucose levels and retinopathy were associated with the HbA1c target. This 

effect was constant over time for insulin dose, nutritional status and other autoimmune 

diseases (p value = 0.043, p value = 0.008 and 0.044, respectively), but varied for fasting 

glucose levels and retinopathy (p for interaction = 0.014 and 0.008, respectively). After 

adjustments (Supplementary Table 1), it was found that the chance of attaining the HbA1c 

target in the absence of other autoimmune diseases was 4 times the chance of those with other 

autoimmune diseases in addition to DM1 (OR = 4.09; 95% CI 1.4–11.93), while a 1 unit 

increment of insulin/kg in the insulin dose resulted in a 76% lower chance of attaining the 

HbA1c target (OR = 0.24; 95% CI 0.08-0.7). On the other hand, having no retinopathy was an 

outcome predictor at follow-up times 1 and 3, while an increase of 1 mg/dl in fasting glucose 

reduced the chance of good glycemic control at follow-up times 1, 3 and 4. This relationship 

was inverted at time 10, ie, there was a greater chance of attaining the HbA1c target with 

higher fasting glucose. Nutritional status was not a predictor in the multivariate model. 
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Adherence to CC was reported in 69,2% of the CC consultations (Figure 2). The 

number of absences during follow-up, thyroid disease, BMI, fasting glucose and HbA1c 

values were significantly associated with CC adherence, and, with the exception of HbA1c, 

the effect of the others was inconsistent over time (p for interaction = 0.017; 0.002; 0.019, 

0.000 and p value = 0.011, respectively). In the multivariate model (Supplementary Table 2), 

a 1% increase in HbA1c was associated with a 34% lower chance of CC adherence (OR = 

0.66; 95% CI 0.44-0.93), each additional absence during follow-up reduced the chance of CC 

adherence by 96% at follow-up time 3 (OR = 0.04, 95% CI 0.006-0.28), while a 1 unit 

increase of BMI increased the odds of adherence by 80% at time 4 (OR = 1.8; 95% CI 1.08-

2.98).  

 

Discussion  

 

In this real-life study in a public health system environment, T1D patients in the CC 

group had better glycemic control and less variation in body weight than the standard 

nutritional monitoring group, showing a difference in HbA1c with potential clinical impact (≈ 

-0.7%). 

According to previous studies, the effects of the CC method are somewhat divergent 

in patients with T1D (13-23, 26). Of the randomized controlled trials (RCT) that compared 

CC to a control group, several (17-20) found that the intervention optimized glycemic control, 

while others did not (13-16). 

Additionally, studies from 2020 and 2021 found that CC was only effective in the 

short term. In the 2020 study, CC resulted in a lower mean HbA1c during 1 year of follow-up, 

although when the analysis was performed separately at 3, 6, 9 and 12 months, the benefit was 
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maintained only in the first evaluation (26). The 2021 study found that CC had a positive 

effect on HbA1c after 3 months of treatment, but not after 12 months (43). In the Brazilian 

population, a 4-month clinical trial of 28 adolescents from Goiás found that HbA1c was lower 

in the CC group than the control group (22). A cross-sectional study of children and 

adolescents in Rio de Janeiro in which 80% of the sample performed CC found that the 

technique was associated with lower HbA1c values (21). According to our results, CC 

optimized HbA1c, corroborating some of these data (17-22, 26) with a longer follow-up time 

(13-16, 18-20, 26, 43) and superior sample size (13-18, 20, 26, 43) to most other studies.  

Adjusting for pregnancy reduced the number of consultations in the analysis, and 

although the difference in HbA1c was maintained, it did not remain statistically significant. 

However, the difference was clinically relevant, so perhaps if a larger sample size had been 

included, CC would have had a significant benefit. Analyses that excluded consultations 

during pregnancy did not significantly change the results obtained with the entire sample. 

A meta-analysis that included the above-mentioned RCTs (except for those from 2020 

and 2021) investigated the effects of CC on HbA1c in T1D. Although the quality of evidence 

was moderate, lower HbA1c values were found with the intervention. Nevertheless, there was 

a low magnitude of effect [mean difference (MD) = -0.35%]. In the subgroup analysis, 

although CC did not differ from other DM diets, the association was maintained when it was 

compared to dietary education in diabetes (MD = -0.68%) (44). This strategy was similar to 

that of the present study, in which patients on fixed doses of insulin were educated about 

healthy eating in DM but did not receive strict eating plans. 

Since CC makes feeding more flexible (18, 23, 24) its impact on weight have also 

been studied (29), and it could be inferred that it leads to increased weight. However, most 

RCT have not found a change in weight or BMI after CC, and no difference in weight 
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variation compared to controls was found at the end of these studies (16-18, 20, 26, 43). BMI 

was reduced in the CC group and increased in the control group in only one RCT, with a 

modest but significant difference between the groups (23). Although the authors could not 

provide a concrete explanation for this, they suggested that CC might provide weight loss 

benefits, such as improved nutrition or increased physical activity. These data partially 

corroborate those of the present study, since we also observed less weight variation in the CC 

group despite our observational design. 

In the literature on patient adherence to CC, there is no uniformity regarding 

assessment, no gold standard method, and no method that has been validated for the Brazilian 

population. In a Brazilian cross-sectional retrospective study on self-reported adherence to 

different T1D diets, of the 967 patients in CC, 626 reported being adherent (45). These data 

corroborate our results, since we estimated adherence in 69,2% of consultations in CC. Our 

data also associated CC adherence with fewer absences from nutritional consultations and 

with increased BMI - which was unrelated to insulin dose (which could be influenced by the 

degree of CC adherence and impact on body weight) because the association between TDID 

and CC adherence was not significant in the univariate analysis. Although no data were found 

specifically for CC, the above-mentioned study found an association between a greater 

number of medical consultations and diet adherence, but higher BMI was associated with 

lower adherence. This study also found lower adherence among adolescents (45), while there 

was no association between age and adherence in our results. In the present study, higher 

HbA1c levels were associated with lower CC adherence and, although the literature associates 

adherence to T1D treatment with glycemic control, the assessment usually considers 

adherence as a predictor variable (46).  
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Several factors have also been investigated as predictors of glycemic control in T1D. 

Data from the Type 1 Diabetes Exchange Registry show that individuals with HbA1c < 7% 

used less insulin than those with HbA1c ≥ 9%, which corroborates our results, although the 

authors only assessed children and adolescents (47). Our study also found an association 

between good glycemic control and no retinopathy and other autoimmune diseases. Most of 

the literature assessing HbA1c and autoimmune diseases have studied celiac disease, and 

there seems to be no difference in glycemic control between individuals with T1D and those 

with T1D and celiac disease who are treated with a gluten-free diet (48, 49). However, 

autoimmune diseases were grouped together in our analyses, which makes it difficult to 

compare our results with such studies. Regarding retinopathy, although the literature relates it 

to HbA1c, the assessments usually consider glycemic control a predictor of this complication 

(9, 50). Despite the fact that our analysis showed a significant difference, the 95% CI 

amplitude at time 1 denotes imprecision in the estimation of the effect. In our study, the 

direction of the association between fasting glucose and glycemic control also varied during 

follow-up, and although at most time points the increase in glycemic values was associated 

with worsening HbA1c, the opposite occurred at time 10. One explanation for this could be 

that since HbA1c results from the glycemic mean (fasting, pre-prandial, and post-prandial 

values), one isolated parameter cannot fully explain it (51).  

The study has some limitations. Its retrospective design does not exclude the 

possibility of bias, since the measurements were performed during routine consultations. 

Although adjustments were made, the observational design may have led to a confounding 

bias. Furthermore, the fact that few patients had a large number of nutritional consultations 

made it impossible to properly assess the variables associated with good glycemic control and 
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CC adherence. The fact that we did not use suitable adherence questionnaires also limits our 

data on this topic. 

  However, our study also had a number of strengths. The sample selection was not 

biased, since all eligible patients with nutritional consultations between 2014 and 2018 were 

included. Given that all patients were treated by the same dietitian, we believe there was good 

uniformity of care. Although the study was observational, the favorable effects of CC were 

verified during a longer follow-up period (median ~2 years) than most RCTs [duration 

between 3.5 – 30 months; only two > 1 year (17, 20)]. 

 

Conclusion  

 

  We can conclude that, as a nutritional strategy, CC had a positive impact on the 

glycemic control of patients with T1D treated in the Brazilian public health system, resulting 

in less body weight variation than conventional nutritional monitoring. We also found that 

greater effort should be made so that more patients can benefit from this technique. 
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Figures 

 

 

Figure 1: HbA1c in both groups during the follow-up period. Values collected at each 

nutritional consultation analyzed between 2014 and 2018. Time = weeks from baseline. 

HbA1c: Glycated Hemoglobin. 

 

  

 

 

 



65 

 

 

69,2%

30,8%

ADHERENCE TO CC

Adherent Not/partially adherent

 

Figure 2: Adherence to CC. Frequency (%) of consultations (among those in which CC was 

performed) in which patients were classified as compliant or not/partially compliant. CC: 

Carbohydrate Counting. 
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Tables 

 

Table 1. Sociodemographic and clinical characteristics, number of pregnant women and 

number of consultations in the study population (single-measure variables). 

Variable CC (n = 49) Not CC (n = 180) p-value 

Age, years § 32.91 ± 11.31 30.7 ± 16.26 0.275 

Nutritional follow-up time, months § 97 (5.5 – 129.5) 43.5 (0 -126.75) 0.045 

Diabetes duration, months § 195 (112 – 265) 147 (33.5 – 266.55) 0.1 

Age at DM diagnosis, years 16 (10.5 – 24.5) 14 (8.25 – 25) 0.588 

Males (n, %)  20 (40.8) 84 (46.7) 0.570 

Ethnicity (n, % white) 49 (100) 161 (89.4) 0.045 

Maximum education (n, %) 

   Ignored/≤ complete elementary 

   High school 

   ≥ Incomplete higher education 

 

 15 (30.7) 

 15(30.6) 

 19 (38.7) 

 

86 (47.8) 

68 (37.7) 

26 (14.5) 

0.001 

Pregnant women (n, %)+ 5 (10.2) 1 (0.55) 0.003 

Number of consultations# 10 (6 - 14) 5 (3 - 9) 0.000 

DKD (n, %)* 1 (2) 14 (7.8) 0.202 

GFR < 60 (ml/min/1.73 m²) (n, %)* 1 (2) 15 (8.3) 0.204 

Positive albuminuria (n, %)* 38 (77.6) 127 (70.6) 0.431 

Neuropathy (n, %) * 2 (4.1) 15 (8.3) 0.538 

Retinopathy (n, %) * 23 (46.9) 60 (33.3) 0.112 

Cardiovascular events (n, %)* 1 (2) 1 (0.6) 0.383 
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Ocular diseases (n, %)* 1 (2) 15 (8.3) 0.204 

Autoimmune diseases (n, %)* 10 (20.4) 34 (18.9) 0.972 

Psychiatric disorders (n, %)* 10 (20.4) 41 (22.8) 0.873 

Thyroid diseases (n, %)* 13 (26.5) 38 (21.1) 0.539 

Hypertension (n, %)* 8 (16.3) 42 (23.3) 0.391 

CC: carbohydrate counting; DKD: diabetic kidney disease; DM: diabetes mellitus; GFR: 

glomerular filtration rate; SD: standard deviation 

Data are presented as mean ± SD, median (interquartile range P25 – P75) or number and 

percentage of cases (n, %). 

§ Referring to baseline (first consultation included during the period 2014 - 2018). 

+ Number along follow-up consultations. 

# All consultations between 2014-2018 were considered in the CC group, including those in 

which patients used fixed doses of insulin. 

* Occurring prior to or during the follow-up period.  
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Table 2. Clinical, laboratory and anthropometric characteristics of the study population 

(repeated-measures variables) 

Variable CC (n = 49) Not CC 

(n = 180) 

p-value 

§ 

p for 

interaction ¶ 

Fasting glucose (mg/dl)* 203.42 ± 11.23 

(182.53-226.7) 

207.87 ± 5.93 

(196.55-219.84) 

0.918 0.741 

Total cholesterol (mg/dl) * 

 

178.81 ± 7.17 

(165.24-193.5) 

186.42 ± 3.96  

(178.78-194.39) 

0.522 0.761 

cHDL (mg/dl) * 

 

58.11 ± 2.87 

(52.72-64.05) 

58.98 ± 1.57  

(55.97-62.15) 

0.61 0.606 

cLDL (mg/dl) * 102.72 ± 5.57 

(92.31-114.31) 

106.39 ± 3.11  

(100.42-112.71) 

0.458 0.684 

 

Triglycerides (mg/dl) * 88.44 ± 8.9  

(72.53-107.83) 

97.31 ± 5.3  

(87.41-108.33) 

0.91 0.106 

 

GFR (ml/min/1.73m²) * 

 

102.4 ± 4.57 

(93.79-111.81) 

99.03 ± 2.25  

(94.71-103.56) 

0.654 0.615 

SMBG** 

    Yes 

 

 

92.2 ± 2.4  

(86-95.7) 

 

84.4 ± 1.8  

(80.6-87.6) 

0.005 0.127 

Insulin dose* (UI/kg)  0.66 ± 0.03 

 (0.6-0.73) 

0.71 ± 0.02  

(0.67-0.75) 

0.199 0.607 
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Basal insulin ** 

    Long-acting analogs 

 

60.7 ± 6.8  

(46.9-73) 

 

42.4 ± 3.6  

(35.6-49.5) 

0.055 0.129 

 

Bolus insulin ** 

    Rapid-acting analogs 

 

100 ± 0  

(82.1-100) 

 

77.9 ± 3.1  

(71.3-83.4) 

0.000 0.163 

Nutritional status** 

    Excess body weight 

 

40 ± 6.5 

(28.4-53.5) 

 

43 ± 3.5 

(36.4-50) 

0.813 0.653 

CC: carbohydrate counting; cHDL: high density lipoprotein cholesterol; cLDL: low density 

lipoprotein cholesterol; GFR: Glomerular filtration rate; SE: Standard error; SMBG: Self-

monitoring of capillary blood glucose; UI: Unit of insulin 

* Continuous variables presented as mean ± SE and 95% CI 

** Dichotomous variables presented as estimated proportion (%) ± SE and 95% CI. 

§ p-value of the effect of the variable 

¶ p of interaction between the effect of the variable and time 

All analyses were adjusted for the nutritional follow-up time that the patients already had at 

baseline, as well as for the time elapsed between each consultation during the study period 

(2014-2018) and baseline. 
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Table 3. Association between CC and glycemic control 

HbA1c (%)* CC (n=49) Not CC (n=180) p-value § p for interaction ¶ 

Model 0 

 

8.2 ± 0.21 

(7.8 to 8.63) 

9.13 ± 0.12 

(8.89 to 9.38) 

0.000 0.735 

Model 1 8.66 ± 0.4 

(7.9 to 9.5) 

9.36 ± 0.39 

(8.62 to 10.16) 

0.016 0.841 

 

Model 2 8.26 ± 0.58 

(7.19 to 9.49) 

8.82 ± 0.55 

(7.8 to 9.98) 

0.107 0.999 

HbA1c = glycated hemoglobin; CC = carbohydrate counting; SE: Standard error 

* HbA1c measured at each nutritional consultation during follow-up (2014-2018); presented 

as mean ± SE and 95% CI. 

Model 0: adjustment for the nutritional follow-up time that the patients already had at baseline 

and for the time elapsed between each consultation during the study period (2014-2018) and 

baseline. 

Model 1: model 0 + adjustment for ethnicity (white, black, mixed race), education (ignored, 

none, elementary/high school/ higher education or graduate school - complete or incomplete), 

total number of consultations between 2014 and 2018, BMI, SMBG (dichotomous), bolus 

insulin (short-acting or rapid-acting analogs) and physical activity (sufficiently or 

insufficiently active). 

Model 2: model 1 + adjustment for pregnancy (dichotomous), only consultations with adult 

and adolescent women were included in this model. 

§ p-value of the effect of the variable  

¶ p of interaction between the effect of the variable and time 
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Table 4. Comparison of weight variation between appointments - CC vs.  fixed insulin doses 

Weight variation 

(kg)* 

CC (n = 49) Not CC (n = 180) p-value § 

 

p for 

interaction ¶ 

Model 0 0.23 ± 0.13 

(-0.033 to 0.492) 

0.43 ± 0.07 

(0.28 to 0.58) 

0.045 0.14 

 

Model 1 0.27 ± 0.29 

(-0.3 to 0.85) 

0.52 ± 0.25 

(0.02 to 1.02) 

0.027 0.082 

 

Model 2 0.2 ± 0.29 

(-0.378 to 0.79) 

0.516 ± 0.25 

(0.004 to 1.02) 

0.023 0.11 

 

Model 3 0.13 ± 0.28 

(-0.42 to 0.69) 

0.53 ± 0.24 

(0.04 to 1.02) 

0.024 0.226 

 

CC = carbohydrate counting; SE = standard error 

* Variable measured at each nutritional consultation between 2014 and 2018 and presented as 

mean ± SE and 95% CI. 

Model 0: adjustment for the nutritional follow-up time that the patients already had at baseline 

and for the time elapsed between each consultation during the study period (2014-2018) and 

baseline. 

Model 1: model 0 + adjustment for ethnicity (white, black, mixed race), education (ignored, 

none, elementary/high school/ higher education or graduate school - complete or incomplete), 

number of consultations between 2014 and 2018, BMI, SMBG (dichotomous) and insulin 

bolus (short-acting or rapid-acting analogs). 

Model 2: model 1 + adjustment for physical activity (sufficiently or insufficiently active). 

Model 3: model 2 + adjustment for age and sex. 

§ p-value of the effect of the variable  
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¶ p of interaction between the effect of the variable and time 
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SUPPORTING INFORMATION 

 

Supplementary Table 1. Association between good glycemic control (adequate target of 

HbA1c) and possible predictors - multivariable model.** 

Variable Reference 

category 

OR 

(95% CI) § 

p-value 

§  

OR 

(95% CI) ¶ 

p for 

interactio ¶ 

Retinopathy (no) Yes   T1: 11.61  

(1.09-122.63) 

T3: 7.32 

(1.85-28.84) 

0.01 

 

 

 

Fasting glucose 

(mg/dl) 

 

NA   T1: 0.99  

(0.98– 0.99) 

T3: 0.99 

(0.98-0.99) 

T4: 0.99  

(0.99-0.99) 

T10: 1.006 

(1.0003-1.01) 

0.002 

 

 

 

 

 

 

 

 

Autoimmune 

diseases (no) 

Yes 4.09 

(1.4– 11.93) 

0.01   

 

Total insulin dose 

(UI/kg) 

NA 0.24  

(0.08-0.7) 

0.009   
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Nutritional status 

(underweight/ 

eutrophic) 

Excess 

weight 

0.65  

(0.42-1.01) 

0.059   

HbA1c: glycated hemoglobin; NA: not applicable; OR: odds ratio; UI: units of insulin 

T1, T3, T4 and T10: follow-up points in which there was a significant interaction between 

time and the predictor variable. 

**Analyses adjusted for the nutritional follow-up time that the patients already had at 

baseline, follow-up time, retinopathy, autoimmune diseases, fasting glucose, total insulin dose 

and nutritional status. 

For continuous variables, the odds ratio of attaining the HbA1c target refers to a 1-unit 

increase of the variable. 

§ OR (95% CI) and p-value of possible predictor variables of good glycemic control 

(attaining the HbA1c target) referring to the main effect of the variables, not the interaction 

between the variable and time. 

¶ OR (95% CI) and p of interaction between the variable and time for possible predictors of 

good glycemic control (attaining the HbA1c target). 

 

 

 

 

 

 



75 

 

 

Supplementary Table 2. Association between CC adherence and possible predictor variables 

- multivariate model ** 

Variable Reference 

category 

OR 

(95% CI) § 

p-value 

§ 

OR 

(95% CI)¶ 

p for 

interaction¶ 

HbA1c (%) NA 0.66  

(0.44-0.93) 

0.018   

BMI (kg/m²) 

 

NA   T4: 1.8  

(1.08-2.98) 

0.037 

Number of absences 

during follow-up 

NA   T3: 0.04 

(0.006-0.28) 

0.006 

 

CC: carbohydrate counting OR: odds ratio NA: not applicable BMI: Body mass index 

HbA1c: glycated hemoglobin  

T3 and T4: follow-up points at which there was a significant interaction between time and the 

variable 

**Analyses adjusted for the nutritional follow-up time that the patients already had at 

baseline, follow-up time, HbA1c, BMI and number of absences during follow-up. 

For continuous variables, the OR for CC adherence refers to a 1-unit increase of the variable. 

§ OR (95% CI) and p-value of variables possibly associated with CC adherence; referring to 

the main effect of the variables, not the interaction between variable and time. 

¶ OR (95% CI) and p of interaction between the variable and time for variables possibly 

associated with CC adherence. 


