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RESUMO 
 

O Diabetes Mellitus tipo 2 (DM2) é uma doença crônica prevalente, 

principalmente em idosos, elevando o risco cardiovascular dos mesmos, 

especialmente quando associada à hipertensão arterial sistêmica (HAS). A base do 

tratamento tanto do DM2 quanto da HAS é a mudança do estilo de vida através do 

exercício físico e da dieta alimentar. Uma das dietas estudas para o manejo da HAS 

e DM2 é a dieta DASH, que enfatiza o consumo de vegetais, frutas e laticínios com 

baixo teor de gordura, grãos e cereais e a redução do consumo de sal, gordura 

saturada, carne vermelha, doces e bebidas contendo açúcar. A DASH parece ser uma 

das dietas que mais se assemelha aos hábitos alimentares brasileiros que têm como 

principais representantes o arroz e o feijão. Um grande desafio para os pacientes com 

DM2, especialmente os que já possuem complicações micro e macrovasculares e 

idade avançada, é a prática de exercícios. Uma forma de estimular o exercício é 

através do uso de pedômetros ou acelerômetros. No entanto, ainda não está claro se 

em pacientes com DM2, a dieta DASH isoladamente é tão eficiente em reduzir níveis 

pressóricos e metabólicos quanto em associação com a atividade física nem se o 

efeito da atividade física através do uso de pedômetros e acelerômetros pode ter 

benefícios metabólicos em pacientes com DM2. Essa tese visa avaliar, através de um 

ensaio clínico randomizado (ECR), o efeito da dieta DASH com e sem atividade física 

em pacientes idosos, com hipertensão e diabetes e através de uma revisão 

sistemática com meta-análise, o efeito do uso de pedômetros e acelerômetros como 

ferramentas de motivação e monitoramento em pacientes com DM2. Como métodos, 

tem-se: Estudo 1) Ensaio clínico randomizado em pacientes com DM2, HAS e acima 

de 60 anos comparando o efeito da dieta DASH isoladamente com a mesma dieta 

associada ao uso de pedômetros; Estudo 2) Revisão sistemática com meta-análise 

de ECRs em pacientes com o objetivo de determinar os efeitos da atividade física 

estimulada pelo uso de acelerômetros e pedômetros em seus parâmetros metabólicos 

e físicos. Essa tese demonstrou que, apesar de haver um aumento do número de 

passos incentivados por pedômetro em indivíduos com diabetes, tanto no ECR quanto 

na nossa revisão sistemática com meta-análise, o impacto sobre os parâmetros 

pressóricos e metabólicos são pequenos. No ECR, apesar dos pacientes terem obtido 

redução no peso, índice de massa corporal (IMC) e pressões de vigília durante a 



 

 

monitorização de pressão arterial (MAPA) de 24 horas, não houve diferença nos 

desfechos avaliados entre os dois grupos. Já na revisão sistemática com meta-

análise, o uso de pedômetros reduziu a HbA1c e os triglicerídeos, quando comparado 

ao controle. No entanto, não houve associação com mudança no peso, IMC, pressão 

arterial ou perfil lipídico. 
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1  INTRODUÇÃO 
 

O Diabetes mellitus (DM) é uma doença crônica que vem crescendo sua 

prevalência rapidamente, principalmente nos países em desenvolvimento (1–4). 

Estima-se que 37 milhões de americanos possuam diabetes (5) e que esse número 

cresçará para 55 milhões até 2030 (6). No Brasil, aproximadamente 9,1% da 

população possui diabetes (7). 

A hipertensão arterial sistêmica (HAS) é duas vezes mais comum em pacientes 

com Diabetes mellitus tipo 2 (DM2) (8) sendo um importante fator de risco 

cardiovascular associado (9–11). Além disso, ambas patologias aumentam sua 

prevalência com o avançar da idade, sendo ainda mais comum suas coexistências em 

pacientes idosos (12). 

Ainda existem divergências sobre as metas de pressão arterial (PA) para 

pacientes hipertensos, inclusive com DM2 (9–11,13). A Tabela 1, resume as principais 

recomendações.  

A Associação Americana de Diabetes (ADA) nas suas recomendações mais 

recentes (9), orienta uma meta pressórica <130/80mmHg para aqueles com alto risco 

cardiovascular ou com doença cardiovascular estabelecida, desde que obtido de 

forma segura. Para os pacientes com diabetes e risco cardiovascular <15% em 10 

anos, o alvo recomendado é <140/90mmHg (9). No entanto, o alcance mesmo da 

meta mais flexível é difícil na prática clínica. Um estudo europeu avaliou pacientes 

com doenças coronariana e identificou que apenas 26% dos pacientes com 

diagnóstico prévio de diabetes e 32% dos recentemente diagnosticados com DM2 

apresentavam controle pressórico <130/80 mmHg (14). Um levantamento brasileiro 

identificou que aproximadamente 61,7% dos idosos da atenção básica de saúde não 

possuem a PA controlada (15). Portanto, alcançar metas pressóricas é um desafio 

para a equipe de assistência médica do paciente com diabetes e em idosos, sendo 

importante identificar as melhores abordagens de tratamento. 
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Tabela 1 – Recomendações para metas de pressão arterial 

 
Nota: Abreviaturas: DM2: Diabetes Tipo 2; PA: Pressão arterial; PAD: Pressão arterial diastólica; 
PAS: Pressão arterial sistólica; RCV: Risco cardiovascular. 

 

Um dos pilares do tratamento tanto do DM2 quanto da HAS é a mudança do 

estilo de vida que inclui atividade física e dieta (9,16,17). O aumento na atividade física 

está associado à melhora da sensibilidade insulínica, controle glicêmico, peso e 

redução das complicações cardiovasculares (18). É recomendado que indivíduos com 

DM2 realizem um mínimo de 150 minutos de atividade física de moderada intensidade 

(40-60% do VO2max ou 50-70% dos batimentos cardíacos máximos) ou 60-75 

minutos de atividade física vigorosa (>60% do VO2max ou > 70% dos batimentos 

cardíacos máximos) por semana (9,16,18). Para atingir essa intensidade de exercício, 

sugere-se um volume de exercício de 500-1000 MET (equivalente metabólico) minuto/ 

semana. Um exemplo para atingir esses objetivos seria 150 minutos por semana de 

uma caminhada a 6,4km/hora (intensidade de 5 METs) ou 75 minutos de corrida a 

9,6km/hora (10 METs) (18–20).  

No entanto, diversos fatores associados ao DM2 como doença arterial 

periférica, depressão, redução da acuidade visual, obesidade, neuropatia, dores 

2017 American College of 
Cardiology (ACC)/American 
Heart Association (AHA)

2020 International Society 
of Hypertension

2021 European Society of 
Cardiology

2022 American Diabetes 
Association

<130/80 mm Hg Inicialmente, meta de 
redução de 20/10mmHg, 
idealmente para <140/90 
mmHg

Inicialmente, <140/90 
mmHg

<140/90 mmHg (pacientes 
sem alto RCV)

Pacientes com ³ 65 anos, 
co-morbidades importantes 
e baixa expectativa de vida, 
pode-se avaliar 
risco/benefício para metas 
mais flexíveis.

Após 3 meses,
Se < 65 anos: <130/80 
mmHg se tolerado (mas 
>120/70 mmHg)
Se ³ 65 anos: <140/90 
mmHg (se tolerado), mas 
considerar metas 
personalizadas no contexto 
de fragilidade.

Após,
Se entre 18-69 anos: baixar 
meta PAS para entre 120-
130 mmHg

Se ³ 70 anos recomenda-se 
PAS <140 mmHg ou 
<130mmHg se tolerado

<130/80 mmHg para os
pacientes com alto RCV (se 
seguro de ser obtida)

Em pacientes com DM2, 
recomenda-se PA 
<130/80 mm Hg

Em pacientes com DM2, 
recomenda-se PA 
<130/80 mm Hg ( 
<140/80mmHg em idosos)

Em pacientes com DM2, 
recomenda-se PAS < 
140mmHg ou <130 mmHg 
se tolerado.

PAD <80 mmHg para todos 
pacientes em tratamento
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articulares, entre outros, reduzem a  capacidade física e motivação para o exercício 

dos pacientes (21,22), principalmente em idosos (23).  

Uma forma de medir e estimular a atividade física é através do uso de 

pedômetros ou acelerômetros (24). O pedômetro é um dispositivo eletrônico pequeno, 

leve, portátil e fácil de usar que conta o número de passos dados por um indivíduo. 

Os pedômetros geralmente são do tamanho de uma caixa de fósforos e podem ser 

usados presos à roupa da pessoa no quadril ou em outro local conveniente. São de 

relativo baixo custo, tornando-os uma intervenção acessível e viável (25,26). 

Acelerômetros são monitores de movimento, com tecnologia mais recente, que têm a 

capacidade de capturar a intensidade da atividade física (27). De uma forma mais 

prática, pode -se dizer que para atingir as recomendações de atividade física,  os 

indivíduos devem caminhar no mínimo 3000 passos em 30 minutos, cinco vezes por 

semana ou três cursos de 1000 passos em 10 minutos durante o dia (28) ou acumular 

7.000 passos por dia todos os dias da semana (20). A Tabela 2 sumariza as categorias 

de atividade conforme o número de passos diários. 

 

Tabela 2 – Apresentação esquemática de possíveis categorias descritivas 
associadas a quantidade de passos por dia 

Passos/ dia Categoria descritiva 

³12.500 Muito ativo 

10.000 a 12.499 Ativo 

7.500 a 9.999 Médio ativo 

5.000 a 7.499 Pouco ativo 

< 5.000 Sedentário 
Fonte: Adaptado de Tudor-Locke et al.(29) 

 

Uma maior quantidade de passos se associa com melhor perfil de risco 

cardiovascular (29), mas ainda não está bem definido o efeito do uso de monitores de 

atividade em pacientes com DM2. Na revisão sistemática e meta-análise de 

Baskerville et al (30) para avaliar o impacto do uso de pedômetros e acelerômetros na 

atividade física autodirigida em pacientes com DM2, apesar do aumento na atividade 

física, não foi encontrada redução de hemoglobina glicosilada (HbA1c), IMC, pressão 

arterial ou perfil lipídico. No entanto, os estudos mais recentes incluídos nesta meta-
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análise eram de 2013 e desde então muitos outros foram publicados sobre este 

assunto. Uma recente revisão sistemática e meta-análise (31), concluiu que 

intervenções baseadas no uso de pedômetros e acelerômetros em adultos com uma 

ou mais condição cardiometabólica (DM2, pré-diabetes, doença cardiovascular, 

obesidade e sobrepeso) possui impacto positivo no aumento da atividade física e 

discreta melhora na HbA1c. Não foram encontradas diferenças para PA, colesterol, 

peso ou IMC. Apesar de incluir ECRs mais atuais (até 2020), este estudo não avaliou 

o impacto destes dispositivos apenas em DM2, ainda mantendo a dúvida do seu 

impacto nesta população. 

Quanto à alimentação, existem diversos padrões dietéticos aceitos para o 

tratamento do DM2, os principais são: dieta mediterrânea, dieta pobre em gordura 

(“Low-Fat”), dieta pobre em carboidratos (“Low-Carb”), Dietary Approaches to Stop 

Hypertension (DASH), vegetariana e paleo (32). A Tabela 3 resume as principais 

características de cada um deles. A escolha do padrão dietético deve ser 

individualizada, tendo como preceitos: cuidado com a quantidade de calorias totais 

ingeridas, aumento do consumo de fibras (enfatizando consumo de vegetais, frutas, 

grãos integrais), troca do consumo de bebidas açucaradas (inclusive sucos de frutas) 

por água, preferência por gorduras monoinsaturadas e poliinsaturadas, aumento do 

consumo de comidas ricas em ácidos graxos n-3 (peixes, castanhas e sementes), 

moderação do consumo de bebida alcoólica e redução do consumo de sódio (9). 

Destacamos a dieta DASH por seu reconhecido efeito sobre a PA (33) e pelo 

seu padrão ser mais similar aos hábitos de alimentação brasileiro que tem como base 

o arroz, feijão e carne (7). Além disso, o Guia Alimentar para População Brasileira (34) 

orienta o aumento do consumo de alimentos in natura ou minimamente processados, 

tais como: legumes, verduras, frutas, feijão, lentilhas, grão de bico e outras 

leguminosas, castanhas, nozes, amendoim e outras oleaginosas sem sal ou açúcar, 

todos componentes de uma dieta tipo DASH. 

Um ECR realizado pelo nosso grupo (35) concluiu que a dieta tipo DASH 

associada a atividade física reduziu significativamente a PA quando comparado a 

dieta padrão, mas não teve diferença na HbA1c, peso ou perfil lipídico. Outro pequeno 

estudo (36) de oito semanas, comparou a dieta DASH com grupo controle em 

pacientes com DM2 e revelou uma melhora na HbA1c, pressão arterial, colesterol e 

peso com a dieta DASH, mas sem diferença nos triglicerídeos.  
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Considerando que ainda não está claro se em pacientes com DM2 a dieta 

DASH isoladamente é tão eficiente em reduzir níveis pressóricos e metabólicos 

quanto em associação com a atividade física nem se o efeito da atividade física 

através do uso de pedômetros e acelerômetros pode ter benefícios metabólicos em 

pacientes com DM2, essa tese visa avaliar, através de um ECR, o efeito da dieta 

DASH com e sem atividade física em pacientes idosos, com HAS e DM2 e através de 

uma revisão sistemática com meta-análise, o efeito do uso de pedômetros e 

acelerômetros como ferramentas de motivação e monitoramento em pacientes com 

DM2. 
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Tabela 3 – Principais padrões dietéticos orientados pela American Diabetes Association 
Padrões Dietéticos Descrição Potencial benefício 

Dieta Mediterrânea 

Preferência para alimentos à base de plantas; peixes e outros frutos do mar; azeite como principal 
fonte de gordura dietética; produtos lácteos (principalmente iogurte e queijo) em quantidades baixas 

a moderadas; tipicamente menos de 4 ovos/semana; carne vermelha em baixa frequência e 
quantidade; vinho em quantidades baixas a moderadas; e açúcares concentrados ou mel 

raramente. 

- Redução do risco de diabetes 
- Redução da HbA1c 
- Redução dos triglicerídeos 
- Reducão do risco de eventos 
cardiovasculares maiores. 

Vegetariana ou Vegana 
Alimentação vegetariana baseada em vegetais é desprovida de qualquer alimento de fonte 

animal, exceto ovos e/ou produtos lácteos. Alimentação vegana é desprovida de todos os alimentos 
de origem ou derivados de animais. 

- Redução do risco de diabetes 
- Redução da HbA1c 
- Redução do peso 
- Redução de LDL-c e não–HDL-c 

“Low-fat” 
Enfatiza vegetais, frutas, amidos (pães/biscoitos, massas, grãos integrais), fontes de 

proteína magra (incluindo feijão) e laticínios com baixo teor de gordura. Ingestão total de gordura 
≤30% do total de calorias e ingestão de gordura saturada ≤10%. 

- Redução do risco de diabetes 
- Redução do peso 

“Low-carb” 

Enfatiza vegetais com baixo teor de carboidratos (como salada verde, brócolis, couve-flor, 
pepino, repolho e outros); gordura de alimentos de origem animal, óleos, manteiga e abacate; e 
proteínas na forma de carnes, aves, peixes, mariscos, ovos, queijos, nozes e sementes. Evita 

alimentos ricos em amido e açucarados, como massas, arroz, batatas, pão e doces. Baixo teor de 
carboidratos é definido como a redução de carboidratos para 26 a 45% do total de calorias. Muito 

baixo teor é definido como < 26% do total de calorias. 

- Redução da HbA1c 
- Redução do peso 
- Redução da pressão arterial 
- Aumento HDL-c e redução 
triglicerídeos 

DASH 
Enfatiza vegetais, frutas e laticínios com baixo teor de gordura; inclui grãos inteiros 

intactos, aves, peixes e nozes; reduzido em gordura saturada, carne vermelha, doces e bebidas 
contendo açúcar. Também pode ser reduzido em sódio. 

- Redução do risco de diabetes 
- Redução do peso 
- Redução da pressão arterial 

Paleo 
Enfatiza alimentos teoricamente consumidos regularmente durante o início da evolução 

humana, como carne magra, peixe, marisco, legumes, ovos, nozes e frutas. Evita grãos, laticínios, 
sal, gorduras refinadas e açúcar. 

- Resultados mistos 
- Evidências inconclusivas 

Fonte: Modificado de  Nutrition Therapy for Adults With Diabetes or Prediabetes: A Consensus Report (32).  

Abreviaturas: -c= cholesterol; DASH = Dietary Approaches to Stop Hypertension; HbA1c = Hemoglobina glicada A1c; “Low-carb”: Dieta pobre em carboidratos; “Low-fat”= Dieta 

pobre em gordura. 
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DASH Diet vs. DASH Diet Plus Physical Activity in Older Patients with Type 2 
Diabetes and High Blood Pressure: A Randomized Clinical Trial 
 

ABSTRACT 
 

Background and Aims: To evaluate the effect of lifestyle modification by adopting a 

DASH diet, with and without physical activity guidance, on blood pressure, glycemic 

control, lipid profile, weight, and body composition in older patients with type 2 

diabetes mellitus (T2DM) and hypertension. 

Methods and Results: For this randomized clinical trial, we recruited patients aged 

60 years or older with T2DM and uncontrolled hypertension. One group (DASH) 

received only DASH dietary guidance, while the other group (DASHPED) received 

dietary guidance and encouragement to walk with a pedometer. Outcomes of interest 

were (1) blood pressure, (2) physical activity, (3) weight, body mass index (BMI), and 

body composition, and (4) biochemical variables. Measurements were taken at 

baseline and 16 weeks after the intervention. We included 35 patients in the analysis. 

At the end of the study, the DASHPED group had an mean increase in physical activity 

of 1,721 steps/day. Both groups displayed significantly reduced weight, BMI, and 

waking diastolic pressures on ambulatory blood pressure monitoring after the 

intervention. A trend of reduced sleeping diastolic pressure was found in the 

DASHPED group. Changes in weight, BMI, muscle mass, body fat, waist-hip ratio, 

glycemic control, lipid profile, and insulin sensitivity did not differ between the groups. 

Conclusion: There was no difference in outcomes between the group that only dieted 

and the group that also performed increased physical activity, despite a significant 

increase in exercise. This reinforces the importance of dietary changes in immediate 

blood pressure control. 

 

INTRODUCTION  
 

Systemic arterial hypertension (SAH) is a significant risk factor for chronic 

micro- and macrovascular complications in patients with type 2 diabetes mellitus 

(T2DM) (37–42). The global prevalence of SAH in adults aged 30–79 years in 2019 
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was 32% in women and 32% in men (43). According to the latest Surveillance System 

for Risk and Protective Factors for Chronic Diseases by Telephone Survey (VIGITEL), 

7.4% and 24.5% of the Brazilian population have diabetes and hypertension, 

respectively (44). In the older population, the concomitance of diabetes and 

hypertension is around 17% (12,45), increasing the cardiovascular risk in this 

population even more. 

The recommended blood pressure (BP) for patients with T2DM is <130/80 

mmHg, regardless of age (46,47). However, reducing BP to the levels recommended 

by national and international guidelines is difficult in clinical practice. Worldwide, 47% 

of women and 38% of men with hypertension undergo treatment, with less than half 

of the treated patients achieving adequate BP control (23% of women and 18% of men 

with hypertension) (43). Based on the data of a study involving 348 outpatients with 

T2DM and hypertension conducted in the state of Rio Grande do Sul, Brazil, 61% of 

the patients had inadequate BP (≥140/90 mmHg) (48). 

Guidelines on SAH management in adults recommend lifestyle modifications 

for patients with T2DM and SAH. This includes weight reduction for those who are 

overweight/obese through Dietary Approaches to Stop Hypertension (DASH) (33), 

which is focused on reduced sodium intake, increased potassium intake, moderate 

alcohol consumption, and increased physical activity (38,46,47,49–52). The DASH 

diet, which is rich in fruits, vegetables, whole grains, and low-fat dairy products, has 

been shown to improve BP in patients who were hypertensive (mean reduction of 11 

mmHg) and normotensive (mean reduction of 3 mmHg) (33,46,53). 

In addition to dietary measures, patients with T2DM should perform a 

minimum of 150 minutes of moderate-intensity physical activity or 60–75 minutes of 

vigorous physical activity per week (54). Regular physical activity is associated with a 

4–6 mmHg systolic BP reduction in patients with T2DM (46). A simple way to quantify 

physical activity is by counting steps/day using a pedometer. A higher number of steps 

is associated with a better cardiovascular risk profile (55). 

Our group conducted a clinical trial demonstrating that the DASH diet 

associated with physical activity reduces BP more than the standard American 

Diabetes Association (ADA) diet in patients with SAH and T2DM. However, physical 

activity programs are not always feasible for older patients with T2DM and SAH, with 

32% of female and 15% of male patients reporting an inability to walk 400 meters or 
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more, climb the stairs, or perform household activities (23). This group has an 

increased risk of falls associated with higher rates of frailty due to functional disability, 

visual impairment, peripheral artery disease, obesity, depression, polypharmacy, 

peripheral neuropathy, and hypoglycemia. These issues may exacerbate pre-existing 

cardiovascular disease and lower exercise tolerance (21). 

To date, there is no consensus on whether the BP benefit for patients with 

T2DM and SAH is because of the overall effect of DASH associated with physical 

activity or because of the DASH diet alone. This is especially significant in the older 

population, considering how challenging it is for this group of patients to exercise. This 

is valuable information because it would reinforce the role of dietary intervention in 

this group, even if performed in isolation. Thus, this study aimed to evaluate the effect 

of a 16-week lifestyle modification by adopting a DASH diet, with and without physical 

activity guidance, on the BP of older patients with T2DM and SAH. 

 

SUBJECTS, MATERIALS, AND METHODS 

 

Study design and participants 
In this randomized controlled trial, we recruited participants through telephone 

calls (using the database of the Hospital de Clínicas of Porto Alegre) and requests in 

newspapers. The eligibility criteria were: (1) age > 60 years according to the definition 

of an older adult in developing countries by the World Health Organization (WHO)(56); 

(2) T2DM, defined as onset after 30 years of age, without the tendency to experience 

ketosis and without the use of insulin in the first five years after diagnosis; (3) 

uncontrolled hypertension, defined as office BP >140/90 mmHg on at least two 

occasions and 24-hour BP >130/80 mmHg assessed with 24-hour ambulatory blood 

pressure monitoring (ABPM); (4) no antihypertensive regimen changes in the previous 

month; and (5) no restrictions for walking or diseases and medications interfering with 

pressure control and diabetes. 

We then randomly divided the patients who agreed to participate in the study 

between the DASH (receiving guidance on a DASH-type diet and maintaining usual 

physical activity) and the DASHPED (receiving guidance on a DASH-type diet and 

increased physical activity with the help of a pedometer for step counting) groups.  
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The primary outcome was 24-hour BP.  

We assessed rested BP, anthropometric measurements, body composition, 

glycemic control, lipid profile, insulin sensitivity, and physical activity as secondary 

outcomes. 

This research project was approved by the Research Ethics Committee at 

Hospital de Clínicas de Porto Alegre (61161316.2.0000.5327) and registered with 

ClinicalTrials.gov (NCT04863755). 

 

Blood Pressure Control 
A digital sphygmomanometer (HEM-705CP, Omron, Kyoto, Japan) was used 

to measure office BP with the patient seated after 5 minutes of rest. We assessed BP 

through two measurements at two-minute intervals, using an oscillometric method with 

a cuff appropriate for the arm diameter. Afterward, we analyzed the mean value of the 

two measurements. 

To assess 24-hour BP, we performed ambulatory blood pressure monitoring 

(ABPM) through oscillometry (Spacelabs 90207, OSI Systems de Hawthorne, CA, 

USA) at 15-minute intervals during the day and 20-minute intervals at night. The 

patients underwent this testing on a typical working day with instructions to maintain 

their daily activities. The starting time of the night period was the one noted by the 

patient at bedtime and was, therefore, individualized. We recorded the mean 24-hour 

day and night systolic and diastolic BP and the systolic and diastolic pressure loads. 

 

Anthropometric Measurements and Body Composition 
We evaluated the patients’ weight (with light clothing and without shoes) and 

height using a stadiometer. 

 We calculated body mass index (BMI) as weight (kg)/[height (m)]2 and 

measured body composition through bioimpedance analysis using a tetrapolar body 

composition analyzer (InBody 230, Seoul, South Korea). For bioimpedance, we 

analyzed patients in their fasting state in the morning. The device estimates the 

percentage of body fat and fat-free mass. Additionally, it provides skeletal muscle 

mass, fat mass, and total body water parameters. 
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Glycemic Control, Lipid Profile, and Insulin Sensitivity 
We collected blood samples with minimal venous occlusion after a 12-hour 

overnight fast and obtained serum glucose, HbA1c, serum insulin (in insulin-free 

patients), total cholesterol, HDL-cholesterol, and triglyceride levels.  

A Variant II Turbo device was used to calculate the HbA1c through the HPLC 

method (reference value, 4.0–6% [20–42 mmol/mol]). An Architect Ci4100 device 

gauged serum insulin employment using the chemiluminescent microparticle 

immunoassay method. A Cobas c702 device measured the serum glucose by the UV 

enzymatic method, and the total cholesterol, HDL-cholesterol, and triglycerides, 

through the enzymatic colorimetric method. We used the Friedewald formula to assess 

LDL-cholesterol (57). 

We applied the Homeostatic Model Assessment for Insulin Resistance index 

to assess insulin sensitivity using the formula: fasting plasma insulin (µU/mL) x fasting 

plasma glucose (mmol/L)/22.5 (58). 

 

Physical Activity Assessment 
Through step counting, we could objectively evaluate the amount of physical 

activity with an HJ-321 Omron® pedometer. We instructed the patients to use the 

device attached to their clothes on the waistline throughout the day, except when 

sleeping, bathing, or swimming. We asked patients in the DASH group (diet only) to 

follow their usual activities and use the pedometer at the beginning and the end of the 

study for seven days each. For the participants in the DASHPED group (diet and 

physical intervention with encouragement to walk), we instructed them to use the 

pedometer throughout the study and increase the number of their steps at each 

monthly visit after allocation. 

 

Procedures 
After the initial selection, all patients underwent 24-hour ABPM. Those who 

met the inclusion criteria, specifically regarding the 24-hour ABPM, 24-hour BP ≥ 

130/80 mmHg, and absence of masked SAH or white coat SAH, were informed about 

the nature of the study and asked about their consent. Patients who affirmed their 

understanding and signed the informed consent form were added to the study. 
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On their first visit, participants provided a medical history followed by a 

physical examination with BMI and BP measurement, 24-hour food recall, and 

bioimpedance. After that, the patients received the pedometer. On visit 2, we checked 

the number of steps and collected their blood. On visit 3, we randomly divided the 

patients between the two interventions: (1) DASH group, DASH-type diet, and (2) 

DASHPED group, DASH-type diet with the use of pedometers using random computer 

sequence generation through a specific website that offers this service 

(http://www.randomization.com). Study investigators, research coordinators, 

attending care teams, and patients were aware of allocation, but the laboratory 

technicians were not.  

We followed up the patients for four months, with visits every 30 days (visits 

4 to 6). During these visits, we monitored their BP and weight, provided guideline 

reinforcements, assessed their adherence, provided bread and cooking oil (a stimulus 

for dietary adherence), and checked the pedometers from the DASHPED group. In 

addition to BP and weight measurements, for their seventh visit, the patients 

underwent blood collection and bioimpedance assessment. On this visit, all patients 

had a 24-hour ABPM assessment, and the DASHPED group returned the pedometers. 

On the last visit, the DASH group received pedometers to be used for one week and 

returned them to the researchers soon after. A multidisciplinary team comprised of a 

physician and a nutritionist had follow-ups with the patients 

 

DASH Diet 
All patients received nutritional counseling adapted to the original DASH diet 

recommendations (33,53). The prescription of the adapted DASH diet consisted of 

minimum consumption of 6 g/day of soluble fibers, which have a protective role against 

metabolic syndrome in patients with T2DM and have whole grain bread as the leading 

representative (59,60). In addition, the counselor encouraged fruit and vegetable 

consumption, which are components of the DASH diet associated with lower BP 

values in patients with T2DM (60). During the study, the patients received 

industrialized whole wheat sandwich bread every two weeks (for individual 

consumption) and soybean oil every 45 days (for household consumption). 
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Intervention - encouragement of physical activity through a pedometer 
In addition to consuming the DASH-type diet, the DASHPED group was 

encouraged to walk most days of the week (4–5 days) through the continued use of 

pedometers (HJ-321, Omron®). The patients were instructed to walk 150 min/week or 

increase their usual level of physical activity by 2,000 steps. 

 

Statistical analysis 
We applied the Kolmogorov–Smirnov test to assess the symmetry of 

quantitative variables. Quantitative variables with normal distribution were described 

as means and standard deviations and compared at baseline using the Student’s t-

test for independent samples. According to the test administration conditions, 

categorical variables were described as frequencies and percentages and compared 

using the chi-square test with Yates correction or Fisher’s exact test. We used the 

Generalized Estimating Equation (GEE) model to evaluate the difference between 

groups over time (time*group interaction) and the Analysis of Covariance (ANCOVA) 

to evaluate the difference at the end, adjusting for the baseline value. We calculated 

the percentage of variation for each patient using the equation ((final value-basal 

value/basal value) *100) and obtained the absolute value of the mean percentage of 

variation. We considered a significance level of 5% for the established comparisons. 

All analyses were performed per protocol using SPSS software (IBM SPSS Statistics 

for Windows, Version 20.0. Armonk, NY) 

 

RESULTS 
 
Figure 1 shows the flow of patients during the study. Of the 1,132 screened 

patients, we clinically evaluated 242. Of these, 66 patients with changed office BP and 

without exclusion criteria underwent 24-hour ABPM, and of these, 44 were eligible for 

the study. Nine patients were excluded from the study during the course of follow-up 

(two due to withdrawal; one for changing medications during follow-up, and six for 

pausing follow-up due to the COVID-19 pandemic), with a total of 35 patients included 

in the final analysis (DASH, n = 18; DASHPED, n = 17).  

Table 1 shows patient characteristics subdivided by the randomization group. 

The study included 17 women and 18 men with a mean age of 68.7 ± 5.9 years, BMI 
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of 31.0 ± 4.5 kg/m2, and a median of 10.0 (5.75–15.0) and 19.0 (11.0–25.0) years 

since diagnosis for T2DM and SAH, respectively. The mean number of steps walked 

during the day was 3,758 ± 2,018. There was no difference in the baseline 

characteristics of participants in the DASH and DASHPED groups. 

As for pressure control, the mean pressures were: office, 161.4 ± 13.7/85.6 ± 

10.4 mmHg; 24-hour ABPM, 144.3 ± 9.2/79.3 ± 8.2 mmHg; daytime, 146.8 ± 

10.2/82.1± 8.8 mmHg; and nighttime, 138.5 ± 11.6/72.8 ± 8.2 mmHg (Table 2). Only 

34.3% of patients had a minimum night decrease of 10% in baseline ABPM. Most 

patients (57.1%) used three or more antihypertensive agents [diuretics (68.6%), 

angiotensin receptor blockers (57.1%), and beta-blockers (42.9%)]. 

 

Physical Activity Assessment 
Table 3 shows the variation in the number of steps in each group. The 

DASHPED group had a mean variation of 1,721 steps/day ± 2,353 between baseline 

and the end, while the DASH group had a variation of -116.3 ± 2,139.6 steps/day. At 

the end of the study, the mean number of steps in the DASHPED group was higher 

than that in the DASH group. The final mean number of steps was 5,117 ± 2,683 in 

the DASHPED group and 4,187 ± 1,282 in the DASH group per day (p = 0.023). 

 

Blood Pressure Control 
There was no significant difference between office systolic and diastolic 

pressures between the two groups, as shown in Graph 1. 

Table 3 shows BP behavior in ABPM throughout the study. Diastolic 

pressures during the waking period were reduced significantly in both DASH and 

DASHPED groups. The DASHPED group also showed a significant intragroup 

reduction in both systolic and diastolic pressures in the waking, 24-hour, and sleep 

periods. There was no statistically significant difference between groups for pressure 

changes on ABPM. However, there was a trend toward a more significant reduction in 

diastolic pressure in the DASHPED group by GEE, which proved to be statistically 

significant in the ANCOVA with adjustment for values (p = 0.013). 

At the end of the study, only 28.6% of the patients had a minimum night 

decrease of 10%, with no differences compared to baseline data (p = 0.437). 
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Anthropometric Measurements, Body Composition, Glycemic Control, Lipid 
Profile, and Insulin Sensitivity 

Both groups lost weight and had a BMI reduction. At the end of 16 weeks, 

there was no difference between the groups regarding weight, BMI, muscle mass, 

body fat, waist-to-hip ratio (WHR), glycemic control, lipid profile, and insulin sensitivity 

(Supplementary Table). 
 

DISCUSSION 
 

This study evaluated the effect of the DASH diet with or without physical 

activity in older patients with uncontrolled T2DM and hypertension. Both groups had 

a decrease in weight, BMI, and diastolic pressures during sleep on ABPM. However, 

there was no difference between groups, except for the increased number of steps in 

the DASHPED group. 

Our data corroborated the findings of the First Step Program, a study in which 

47 patients were involved in a program of increasing physical activity (an increase of 

3,000 daily steps in the intervention group). These patients were overweight/obese, 

sedentary, and had T2DM. However, this strategy did not improve metabolic outcomes 

and BP (61). Similarly, a systematic review and meta-analysis of twelve clinical trials 

(1,458 participants) that evaluated the impact of the use of accelerometers and 

pedometers in people with T2DM concluded that, while the use of pedometers 

increases physical activity, it does not significantly improve HbA1c, BMI, BP, or lipid 

profiles (30). 

Physical activities can change metabolic parameters (62). Still, the impact 

generated by the pedometer is probably not enough to be seen as immediately as that 

of the dietary changes. The latter seems to generate a significantly improved glycemic 

profile and a reduced BP. This hypothesis seems to be confirmed by the Andrews et 

al. study, in which patients were put on an intensive diet (based on the UK diabetes 

society dietary guidelines) soon after the diagnosis of diabetes. This diet was effective 

for glycemic control, while the addition of physical activity did not bring additional 

benefits (63), seemingly confirming this premise. 

Unlike this study, which evaluated physical activity incentives through a 

pedometer, a meta-analysis demonstrated that structured exercise, either the aerobic, 
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resistance, or combined type, may decrease HbA1c in patients with T2DM by 0.67%. 

The reduction in HbA1c is even more significant (approximately 0.9%) when structured 

exercise lasts more than 150 minutes per week (64). The same occurs with BP, with 

structured exercises associated with a reduction of 4.22 mmHg in systolic and 2.07 

mmHg in diastolic pressures, with an even more significant reduction when the 

exercise duration exceeded 150 minutes per week (65). However, the 

recommendation of physical activity alone was not associated with HbA1c reduction, 

as patients only lost weight when associating exercise with dietary guidelines (64) 

In addition to duration, evidence suggests that the intensity of exercise and 

the time performed (pre- or postprandial) influence the BP response and glycemic 

profile in patients with T2DM (66–69). A meta-analysis of eight randomized clinical 

trials of at least a 12-week duration that compared two exercise interventions of 

different intensities in patients with T2DM concluded that higher intensity exercise 

leads to more significant HbA1c reductions (-0.22%) (70). However, this is not a widely 

accepted finding. A recent observational study with > 40-year-old American 

participants without comorbidities concluded that reduced all-cause mortality is related 

to a higher number of steps and not to intensity (55). 

Current guidelines recommend moderate-intensity physical activity for 150 

minutes/week for adults (47,51,71). Marshall et al. transformed this indication into 

steps and concluded that a person should walk a minimum of 3,000 steps in 30 

minutes five times/week or three courses of 1,000 steps in ten minutes every day (28) 

to achieve noticeable benefit for blood pressure. 

Our study registered an increase of 1,721 steps/day, similar to the meta-

analysis by Qiu et al., which demonstrated an increase of 1,822 steps/day in adults 

with T2DM who used a pedometer (72). Despite having a significant increase in steps 

in the DASHPED group, the goal of 10,000 steps per day was far from being achieved 

(47,49,51,71). Reaching this goal may be challenging for many patients (e.g., those 

who at baseline walk fewer than 2,500 steps/day) but not necessarily impossible for 

some older adults who already walk 9,000 or more steps/day (73). Older patients with 

T2DM may have restrictions on physical activity (21,23), and our study demonstrated 

that diet alone might be enough to improve metabolic parameters, thus reducing the 

need for intense physical activity. 



39 

 

However, we should emphasize that, although there was no difference in the 

metabolic and BP outcomes evaluated, encouraging the practice of walking using a 

pedometer led the patients to increase their number of steps. This may represent an 

effective, cost-efficient way to initiate a change in lifestyle habits, especially in more 

sedentary patients. Physical activity may provide cardiovascular and metabolic 

benefits, reduce the risk of fractures, and improve cognition, independence, and well-

being in older patients (62,74). Using pedometers to encourage walking may very well 

be the first step toward reaching this goal. 

In this study, we provided whole wheat bread and oil to the participants, who 

added those to their diet to evaluate their daily dietary routine. In the original study 

that evaluated the DASH diet for patients with hypertension whose ABPM was 

available, the DASH diet reduced 24-hour systolic pressure by 4.5 mmHg and diastolic 

pressure by 2.7 mmHg when compared to the control group (33). The present study 

observed a 24-hour systolic pressure reduction of 5.1 mmHg and diastolic pressure 

reduction of 2.7 mmHg, corresponding to a probable good adherence to the diet. 

Our study has some limitations. First, the pandemic limited the expansion of 

the number of patients included in the study and prevented some patients from 

attending their last visits. Another limitation was the short duration of the study, which 

hindered the evaluation of more complex, long-term outcomes, mainly those related 

to cardiovascular health and quality of life. 

Our results showed no significant difference in the BP and metabolic control 

in older patients with T2DM and SAH who were subjected to the DASH diet, with or 

without physical activity encouragement through a pedometer. 

 

CONCLUSION 
 

Following the DASH diet reduced weight, BMI, and sleeping diastolic blood 

pressure in older patients with diabetes and hypertension regardless of an increased 

number of steps at the end of 16 weeks of follow-up. This reinforces the immediate 

role of diet in improving BP control in patients with diabetes and hypertension, at least 

in the short term. 
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FIGURES AND TABLES 
 

Figure 1 – Flow diagram tracking DASH and DASHPED group participants 
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Table 1 – Baseline Characteristics of Patients for Each Intervention Group 
 DASH 

n=18 
DASHPED 

n=17 
P value 

Gender, female n(%) 8 (44.4) 9 (52.9) 0.869 
Age (years), mean±SD 68.5±5.8 68.9±6.3 0.831 
Race white, n(%) 15 (83.3) 16 (94.1) 0.603 
Medications, n(%)    

Metformin 18 (100.0) 17 (100.0) 1.000 
Sulfonylureas 8 (44.4) 9 (52.9) 0.869 

SGLT2i 1 (5.6) 1 (5.9) 0.999 
DPP4i 1 (5.6) 1 (5.9) 0.999 
Insulin 6 (33.3) 6 (35.3) 0.999 

ACEi 8 (44.4) 5 (29.4) 0.569 
Diuretic 15 (83.3) 9 (52.9) 0.116 

Beta blocker 11 (61.1) 4 (23.5) 0.057 
Hydralazine 3 (16.7) - 0.229 

Calcium channel blocker 6 (33.3) 7 (41.2) 0.897 
ARB 10 (55.6) 10 (58.8) 0.999 

Other anti hypertensive 6 (33.3) 2 (11.8) 0.228 
Acetylsalicylic acid 9 (50.0) 8 (47.1) 0.999 

Statin 15 (83.3) 11 (64.7) 0.264 
Abbreviations: SGLT2i: sodium-glucose cotransporter 2 inhibitor, DPP4i: dipeptidyl peptidase-4 
inhibitor, ACEi: angiotensin-converting enzyme inhibitor, ARB: angiotensin receptor blocker. 
Categorical variables associated using the Chi-square test with Yates correction or Fisher’s exact 
test and quantitative variables compared using Student’s t-test for independent samples. Data are 
expressed as mean (standard deviation), the number of patients with the characteristic 
(percentage). 

 

Table 2 – Baseline Ambulatory Blood Pressure Monitoring results and 
pedometer steps counts per day of patients for each intervention group 

Mean (SD) DASH 
n=18 

DASHPED 
n=17 

P value 

Wake    
SBP 148.3±7.9 145.2±12.3 0.388 
DBP 82.1±8.3 82.2±9.7 0.968 

24 hours    
SBP 145.4±8.0 143.1±10.6 0.478 
DBP 79.1±7.8 79.6±8.9 0.867 

Sleep    
SBP 139.3±11.7 137.8±11.9 0.707 
DBP 73.0±7.5 72.7±9.2 0.918 

Steps per day 4100±2151 3396±1862 0.309 
Abbreviations: SBP: systolic blood pressure, DBP: diastolic blood pressure. Quantitative variables 
compared using Student’s t-test for independent samples. Data are expressed as mean (standard 
deviation).  
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Table 3 – Changes in Ambulatory Blood Pressure Monitoring (AMBP) results and pedometer steps counts per day from 
baseline to the endline of the study. 

 DASH 
n=18 

 DASHPED 
n=17 

  P valueb P valuec 

 Baseline 
mean±SD 

Endline 
 mean±SD 

Change P valuea Baseline 
mean±SD 

Endline 
mean±SD 

Change P valuea   

Awake           
SBP 148.3±7.9 141.8±13.9 -6.4±15.8 0.075 145.2±12.3 134.9±12.0 -10.3±10.2 0.000 0.376 0.202 

DBP  82.1±8.3 78.6±8.3 -3.5±7.4 0.040 82.2±9.7 75.1±7.7 -7.05±6.1 0.000 0.111 0.090 
24hours           

SBP 145.4±8.0 140.3±13.6 -5.0±14.8 0.137 143.1±10.6 134.7±12.0 -8.4±9.3 0,000 0.407 0.292 
DBP  79.1±7.8 76.4±7.7 -2.7±6.9 0.085 79.6±8.9 73.2±7.6 -6.4±6.0 0,000 0.081 0.080 

Sleep           
SBP 139.3±11.7 136.4±13.8 -2.8±14.7 0.401 137.8±11.9 131.4±13.2 -6.1±12.6 0.035 0.439 0.340 
DBP  73.0±7.5 71.8±7.1 -1.2±6.4 0.408 72.7±9.2 67.1±4.7 -5.6±7.7 0.001 0.054 0.013 

Steps/day 4100±2151 4187±1282 -116.3±2139.6 0,849 3396±1862 5117±2683 1720.7±2353.6 0.002 0.023 0.077 
Abbreviations: SBP: systolic blood pressure, DBP: diastolic blood pressure. aDifference within group. bDifference between groups calculated with GEE (Generalized 
Estimating Equation Model) cDifference between groups calculated with ANCOVA adjusted for baseline values. 
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Graphic 1 – Mean Systolic (A) and Diastolic (B) Office Blood Pressure 
Measurements at baseline and during each intervention month, according to 

each group intervention (DASH or DASHPED) 
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Supplementary Table – Secondary Outcomes 

 
 

 DASH 
n=18 

 DASHPED 
n=17 

 P value * 

Weight (Kg)     0.742 
Baseline 84.4±15.9 Pa=0.000 81.2±10.9 Pa=0.001  
Endline 81.9±15.7  79.1±10.2   

BMI (Kg/m2)     0.749 
Baseline 31.4±5.1 Pa=0.000 30.5±4.0 Pa=0.001  
Endline 30.4±4.9  29.7±3.6   

Muscle mass 
(Kg) 

    0.700 

Baseline 29.7±6.5 Pa=0.483 29.2±6.0 Pa=0.850  
Endline 29.1±6.2  29.1±5.3   

Fat mass (Kg)     0.714 
Baseline 30.5±11.1 Pa=0.020 28.6±7.5 Pa=0.275  
Endline 28.6±10.3  27.2±9.2   

WHR     0.183 
Baseline 1.1±0.5 Pa=0.036 1.0±0.5 Pa=0.842  
Endline 1.0±0.6  0.9±0.5   

FBG (mg/dl)     0.608 
Baseline 155.9±43.9 Pa=0.102 178.2±94.1 Pa=0.125  
Endline 136.8±33.7  147.1±48.3   

HbA1c (%)     0.740 
Baseline 7.1±1.1 Pa=0.131 7.6±1.2 Pa=0.035  
Endline 6.8±0.9  7.2±1.3   

Total cholesterol 
(mg/dl) 

    0.885 

Baseline 161.4±44.2 Pa=0.106 161.4±49.7 Pa=0.245  
Endline 152.9±42.6  154.1±43.6   

HDL-cholesterol 
(mg/dl) 

    0.776 

Baseline 43.8±11.9 Pa=0.407 42.8±8.4 Pa=0.669  
Endline 45.2±14.2  43.5±10.9   

Triglycerides  
(mg/dl) 

    0.671 

Baseline 190.2±140.2 Pa=0.345 230.7±189.8 Pa=0.215  
Endline 153.8±63.6  211.2±214.9   

HOMA-IR     0.222 
Baseline 5.3±3.9 Pa=0.300 3.2±2.5 Pa=0.460  
Endline 4.1±2.3  4.2±3.8   

      
Abbreviations: FBG = Fasting Blood Glucose, WHR = waist-hip ratio. Data are expressed as mean 
(standard deviation). aDifference within group. b Difference between groups calculated with GEE 
(Generalized Estimating Equation Model) 



62 

 

3  ARTIGO 2 
 

 

 

 

 

 

 

 

Pedometer- and Accelerometer- Based Physical Activity Interventions 
in Type 2 diabetes: A Systematic Review and Meta-analysis 

 

 

 

Vanessa L. P. de Oliveiraa, MD, MSc; Tatiana P. de Paulaa, ScD; Luciana V. 

Vianaa,b, MD, ScD 

 

 

 

 

 

 

 

 

 

 

 

Submetido no periódico Diabetes Care (DC22-2326) 

Fator de impacto 17.152



63 

 63 

Pedometer- and Accelerometer- Based Physical Activity Interventions in 

Type 2 diabetes: A Systematic Review and Meta-analysis 

 

ABSTRACT  

Context: Although accelerometer- and pedometer-based physical activity 

interventions are effective in increasing physical activity, there is no solid evidence for 

their benefits in patients with type 2 diabetes (T2DM). 

Objective: The aim of this systematic review and meta-analysis of randomized 

controlled clinical trials (RCTs) was to determine the effects of accelerometer- and 

pedometer- based physical activity interventions on hemoglobin A1c (HbA1c), fasting 

glucose, weight, BMI, blood pressure, lipid profiles, and physical activity (PA) in adults 

with T2DM. 

Data Sources: Records from MEDLINE/PubMed, EMBASE, LILACS, and 

Scopus were searched from inception until March, 28th 2022. 

Study Selection: RCTs of at least two weeks of duration evaluated the 

effectiveness of pedometers or accelerometers as motivating tools for increasing PA 

in patients with T2DM.  

Data Extraction: Two independent reviewers extracted data and assessed 

quality of included studies. Pooled mean differences between intervention and control 

groups were calculated using random-effects model. This study was registered with 

PROSPERO and followed the PRISMA reporting guide. 

Data Synthesis: Of the 7131 non-duplicated articles retrieved, 24 RCTs (1969 

patients) were included. The accelerometer- and pedometer - physical activity 

interventions resulted in a greater improvement in HbA1c (-0.22%; 95%CI, -0.4% to 

-0.05%; I2=77%) and triglycerides (-13.11 mg/dL; 95%CI, -25.21 to -1.02; I2=22%) 
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versus control participants. Pedometer ambulatory use as motivating tool significantly 

increased PA by 2,131 steps/day (95% CI, 1,348 to 2,914; I2 = 74%) in patients with 

T2DM. 

Conclusions: Pedometers and accelerometers are associated with reductions 

in HbA1c and triglycerides when used as motivating tools.  



65 

 65 

INTRODUCTION  

Physical activity (PA) is an important factor for lifestyle intervention in patients 

with type 2 diabetes (T2DM)(1,2). When regular and structured, it can improve well-

being and reduce cardiovascular risk factors, blood glucose levels, and weight(3,4). 

Current guidelines recommend that patients with T2DM perform at least 150 minutes 

of moderate- to vigorous-intensity aerobic exercise per week(1,2). Nevertheless, 

among adults with diabetes, only 39% reported being physically active(5); stimulating 

adherence to exercise may be challenging. Step counters (pedometers and 

accelerometers) have been used as behavior-change tools to promote PA. However, 

its true impact on glycemic control and cardiovascular risk factors in patients with 

diabetes is not yet known. Previous meta-analyses indicate that pedometer 

interventions have beneficial effects on body weight and BMI on adults with obesity 

and T2DM(6); they significantly increased PA in patients with T2DM without significant 

HbA1c change(7). Nevertheless, accelerometers were not included in prior reviews. 

Evidence suggests that people with T2DM—when provided with monitor devices—

improve their free-living physical activity but not HbA1c or their clinical outcomes(8). 

However, new studies have been published since this review and physical activity 

advice motivated by pedometer and accelerometer was not examined. A recent 

article(9) concluded that  interventions that combined wearable activity trackers with 

health professional consultations were associated with significant improvements in PA 

levels  among people with cardiometabolic conditions; however, it did not examine the 

impact within people with T2DM.  

 Therefore, the objective of this systematic review with meta-analysis of RCTs 

was to examine the effects of accelerometer- and pedometer- based physical activity 
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interventions (as motivating tools) on glycemic, metabolic, and blood pressure 

parameters of adults with T2DM. 

 

METHODS  

Protocol and Registration 

The review was conducted and reported in accordance with the Cochrane 

Handbook(10) and the Preferred Reporting Items for Systematic Reviews and Meta-

analyses (PRISMA) reporting guideline(11). Methods of the analysis and inclusion 

criteria were specified in advance and documented in a protocol on PROSPERO 

(CRD42022297157). 

 

Eligibility criteria 

We included RTCs of at least two weeks’ duration that evaluated the 

effectiveness of pedometers or accelerometers as motivating and monitoring tools for 

increasing PA. To be considered as a motivational tool, the device had to be used with 

the display visible and help in the intervention goals sets (e.g., number of steps per 

day or energy expenditure rate needed to be achieved). Those used solely for 

monitoring or assessing the effects of lifestyle program on PA were excluded. We also 

excluded trials where the interventions, beyond PA, were different between groups 

(e.g., intervention group with diet plus PA and control group with no diet orientation). 

Eligible studies included patients with type 2 diabetes older than 18 years. The control 

group included usual care, physical activity with pedometer or accelerometer not as 

motivation tool, or no intervention. All comparators were treated the same as in the 

primary analysis. Subgroup analysis with only active control was performed, i.e., when 

the control group also has physical activity but not with pedometer as a motivating 

tool. The non-active control was a control group without any physical activity. The 
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primary outcome was glycemic control (fasting glucose and HbA1c). Secondary 

outcomes were weight, BMI, systolic blood pressure, diastolic blood pressure, lipid 

profile (total cholesterol, LDL-cholesterol, HDL-cholesterol and triglycerides) and PA 

(steps per day). 

 

Search Strategy and Study Selection 

Two authors (V.L.P.O. and T.P.) separately searched MEDLINE/PubMed, 

EMBASE, LILACS, and SCOPUS from database inception until Abril 2022. In addition, 

we searched the references of published studies manually. The initial search 

comprised the terms type 2 diabetes, pedometers, accelerometers, monitor devices, 

and related entry terms associated with high-sensitivity strategy for the search of 

RCTs; these were not limited by language. The complete search strategy database is 

shown in the Supplemental Table 1. Only eligible full texts in English, Portuguese, or 

Spanish were considered for review.  

 

Data Extraction 

Titles and abstracts of retrieved articles were independently evaluated by two 

investigators (V.L.P.O. and T.P.). Abstracts that did not provide enough information 

regarding the inclusion and exclusion criteria were retrieved for full-text evaluation. 

Reviewers resolved disagreements through discussion, and if disagreement persisted, 

a third reviewer (L.V.V.) was consulted.  The authors of the included studies were 

contacted via email(s) and research gate(s) to request additional data when 

applicable. Each reviewer independently screened articles and extracted data and 

then met to reconcile the differences by consensus. We extracted data on study 

characteristics, participant characteristics, and outcomes. 
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Assessment of Risk of Bias 

Risk of bias was evaluated for each study using Cochrane risk-of-bias tool for 

randomized trials (RoB 2, available at: www.riskofbias.info). The tool is structured into 

five domains: randomization process; deviations from intended interventions; missing 

outcome data; measurement of the outcome; and selection of the reported result. 

Quality assessment was independently performed by two unblinded reviews (V.L.P.O. 

and T.P.), and disagreements were solved by consensus or by a third reviewer (L.V.V). 

 

Quality assessment 

The quality of the evidence was evaluated for each outcome according to the 

Grades of Recommendation, Assessment, Development, and Evaluation (GRADE) 

system (McMaster University)(12). We graded the evidence on a scale ranging from 

very low to high. 

 

Data Analyses 

We conducted random-effects meta-analysis using Mantel-Haenszel as the 

variance estimator. The results are presented as the mean absolute difference 

between intervention and control groups and 95% confidence intervals (95% CI). We 

combined the intervention groups where a study contributed more than one 

intervention group to the same analysis, thus avoiding double counting of patients from 

the control group. Heterogeneity was tested using I2. I2 index values of 25%to 50% 

were considered low heterogeneity; 51% to 75%, moderate heterogeneity; and greater 

than 75%, high heterogeneity(10). We explored heterogeneity between studies re-

running the meta-analyses removing one study at time to assess how each individual 

study impacted heterogeneity. To explore heterogeneity, we conducted subgroup 
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analyses based on the duration of follow-up (<12 weeks vs 12 weeks or more), 

monitoring device (pedometer vs accelerometer), type of control group (usual care vs 

PA orientation without device), presence of dietary advice, and the risk of bias. Meta-

regression analyses were performed for primary outcome (HbA1c) for the following 

covariates: age, basal weight, follow-up, basal HbA1c, and basal BMI. Publication bias 

was evaluated by visual inspection of the funnel plot if there were more than 10 studies 

included in the analysis. A 2-sided P < 0.05 was considered statistically significant for 

all analyses. Analyses were conducted using Review Manager (RevMan, version 5.4) 

and R (version 4.2.0) with package meta.  

 

RESULTS  

Study Identification and Selection 

We identified 8171 articles from MEDLINE/PubMed, EMBASE, LILACS, and 

Scopus. After removing duplicates, we screened 7,131 titles and/or abstract and 

retrieved 109 full-texts to assess eligibility. A final of 24 studies(13–36) were included 

in the meta-analysis, and one study(32) contributed two intervention groups to the 

analysis. A flow diagram of search and selection is shown in Figure 1.  

 

Characteristics of Included Studies  

Of the 24 selected studies,  19(13–16,20,23–36) used pedometers and five(17–

19,21,22) used accelerometers in the intervention. Dietary advice was combined with 

PA in eight studies(13–15,19,21,29,33,36). Included studies had a total of 1969 

patients with mean age between 41 and 71 years, and median follow up of 12 weeks 

(range, 5 to 48 weeks). Most studies were conducted on ambulatory settings except 
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one(29) in which patients were hospitalized.  The characteristics of these studies are 

summarized in Table 1.  

 

Risk-of-Bias and Quality Assessment 

The overall risk of bias was low for seven (29.2%) studies, had some concerns 

for seven (29.2%) studies, and was high for ten (41.7%) studies included in our meta-

analysis (Supplemental Figure 1). Bias due to deviations from intended interventions 

was the main concern in the evaluation due to unclear or inappropriate analyses used 

in the studies. Randomization and missing outcome data domains also raised 

concerns. The summary of the risk-of-bias assessment for each study and publication 

bias’s funnel plots are available in the Supplemental Table 2 and Supplemental Figure 

2 respectively. The overall certainty of the evidence of the included studies were 

moderate to low (Supplemental Table 3). 

 

Synthesis of Results 

Table 2 presents the main results from the meta-analyses. The forest plots and 

summary estimates from all analyses are available in Supplemental Figure 3 and 

Table 4, respectively. Sensitive analyses are available in Supplemental Figure 4.  

 

Primary outcome: Glycemic control (HbA1c and fasting glucose) 

Twenty studies(13–21,23–25,27,30–35) (21 experimental groups and 1790 

participants) and twelve studies(15,17,19–21,24,25,27–30,32) (13 experimental 

groups and 747 participants) provided data on HbA1c and fasting glucose, 

respectively. The overall association of monitoring devices-based physical activity vs 

control with absolute HbA1c reduction was -0.22% (95%CI, -0.4% to -0.05%; I2=77%, 
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P for heterogeneity <0.01) (Figure 2A); no difference was found on fasting glucose 

change. Subgroup meta-analyses of short (<12 weeks) vs long (³12 weeks) follow-up 

demonstrated that HbA1c reduction was clinically significant only over short term [3 

studies(24,25,35), 116 participants; -0.65% (95%CI, -1.01% to -0.28%; I2=46%, P for 

heterogeneity = 0.16)]. Likewise, sensitivity analysis demonstrates a inverse 

relationship with HbA1c decreases and length of follow-up. There was no significant 

meta-regression analyses for the other variables. A subgroup analysis explored 

heterogeneity and uncovered that the weight of Fayehun et al.(35) study was 11% in 

I2. Six studies(13–15,19,21,33) (1086 participants) included dietary advice, and 

fourteen(16–18,20,23–25,27,28,30–32,34,35) did not (704 participants). Monitoring 

devices to motivate PA intervention without dietary advice were associated with 

significantly higher reduction in HbA1c vs control group [-0.38% (95%CI, -0.57% to 

-0.20%; I2=54%; P for heterogeneity <.05)]. Nonetheless, when the intervention and 

control group included dietary advice, pedometer- and accelerometer-based PA were 

not associated with HbA1c reductions versus controls [0.08% (95%CI, -0.04% to 

0.20%; I2=13%; P for heterogeneity = .33)]. The risk of bias subgroup analyses was 

not seen with no differences between groups. 

 

Secondary Outcomes: 

Physical activity (steps per day) 

Pedometer ambulatory use as motivating tool increased PA by 2,131 steps/day 

(95% CI, 1,348 to 2,914; I2 = 74%; P for heterogeneity < .001) in patients with T2DM 

(10 studies, 709 participants). Subgroup meta-analyses showed a difference between 

ambulatory studies with and without dietary advice. Ambulatory pedometer-based 

interventions without dietary advice increased PA by 2,550 steps/day (95% CI, 1,650 
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to 3,450; I2 = 56%; P for heterogeneity = 0.02) compared with control. Two ambulatory 

studies(13,15) had dietary advice included in the intervention and control group with 

an increase of 990 steps/day (95% CI, 430 to 1,550; I2 = 46%; P for heterogeneity = 

0.18) versus usual care. When hospitalized patients from one study(29) where 

included in the meta-analysis, the impact of pedometer-based PA increased to  3,392 

steps/day (95% CI, 1005 steps/day to 5,778 steps/day; I2 = 98%; P for heterogeneity 

< .05). The difference between the dietary advice subgroups were no longer significant 

when Yamanouchi et al. (29) hospitalized patients were included in the subgroup 

analyses. 

Total-, LDL- and HDL- cholesterol 

Monitoring devices to motivate PA had no difference when compared with 

control in terms of cholesterol profile. 

Triglycerides 

Eleven studies(13–15,17,18,20,21,25,27,28,30) (1377 participants) provided 

data on triglycerides outcomes.  Accelerometer- and pedometer-based physical 

activity interventions resulted in a small improvement in triglycerides [-13.11 mg/dl; 

(95%CI, -25.21 mg/dl to -1.02 mg/dl; I2=22%; P for heterogeneity = .24)] versus 

control participants (Figure 2B).  Subgroup analyses for risk of bias indicates that 

studies with some concerns risk of bias did not result in triglyceride improvements. On 

the other hand, studies with low and high risk of bias demonstrated benefits in 

triglycerides concentrations when intervention was compared with control.  

Weight and BMI 

Fifteen(13–15,17,19–21,27–31,33–35) (1526 participants) and 14 

(13,14,17,18,20,23–25,28,29,31,32,34,35) (1248 participants) studies provided data 

on weight and BMI outcomes, respectively.  Overall, monitoring devices had no 
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difference in weight [-0.24 Kg (95% CI, -1.93 Kg to 2.40 Kg; I2=53%; P for 

heterogeneity = <.05)] nor BMI change [-0.31 kg/m2 (95% CI, -1.00 kg/m2 to 0.37 

kg/m2; I2=42%; P for heterogeneity = .04)] when compared with control. Interestingly, 

in the subgroup analysis, pedometer- and accelerometer- based interventions reduced 

weight in the short term [two studies(29,35), 70 participants; -4.83 kg (95% CI, -8.69 

kg to -0.97 kg; I2=0%; P for heterogeneity = .60)] and BMI [4 studies(24,25,29,35), 

140 participants; -1.28 kg/m2 (95% CI, -2.38 kg/m2 to -0.18 kg/m2; I2=17%; P for 

heterogeneity = .31)]. This was not maintained over the long term when compared 

with the control group. 

Systolic and diastolic blood pressures 

Blood pressure data were available in 17 studies(13–15,17,18,20,23–

25,27,28,30,31,33–36) (1715 participants) with systolic and 16 studies(13–

15,17,18,20,23–25,27,30,31,33–36) (1623 participants) with diastolic changes. 

Pedometers and accelerometers are motivating tools for PA and had no difference in 

systolic [0.34 mmHg (95% CI, -1.40 mmHg to 2.07 mmHg; I2=82%; P for 

heterogeneity < .001)] nor diastolic [0.29 mmHg (95% CI, -1.67 mmHg to 2.26 mmHg; 

I2=80%; P for heterogeneity < .001)] blood pressure change when compared with 

control. 

 

DISCUSSION  

Our results demonstrate that in patients with type 2 diabetes, physical activity 

motivated by pedometer and accelerometer are associated with HbA1c and 

triglyceride reductions and increased PA in patients with T2DM. Pedometer 

ambulatory use as motivating tool significantly increased PA by 2,121 steps/day in 

patients with T2DM.  
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Our study found an overall HbA1c reduction of -0.22% when comparing 

monitoring device-based physical activity with control group. Data from the UKPDS 35 

study suggest that any improvement in glycemic control across the diabetic range is 

likely to reduce the risk of diabetic complications(37). An important factor that need to 

be taken consideration is the fact that included studies had patients with a relatively 

good baseline glycemic control (mean baseline HbA1C between  all patients studies 

was 7,15%) and were not young (mean baseline age between all patients studies was 

56,5 years). In these scenario, a HbA1c reduction of -0.22% can be sufficient to reach 

glycemic goals, especially in an older population(38,39). Mannucci et al.(40) used a 

network meta-analysis to compare different types of exercise training in patients with 

T2DM. They concluded that physical exercise produces small, but detectable, 

advantages in glycemic control and cardiovascular risk factors. Combined 

aerobic/resistance training seems to be superior to aerobic training alone. Thus, we 

generalize that pedometer and accelerometer-based physical activity can contribute 

as an aerobic exercise—at least in a small way—to better glycemic control.  

 In accordance with our results, Hodkinson et al.(9) recently demonstrated that 

interventions with wearable activity trackers were associated with reductions in blood 

glucose levels among adults with cardiometabolic conditions when compared with 

controls. When analyzed separately, pedometer-based interventions had stronger 

associations with glucose improvement. This might be because pedometers have a 

simpler display and step-count availability to facilitate goal-settings and positive feed-

back. Baskerville et al.(8) and Qiu(7) found no significant HbA1c reduction with 

monitoring devices in people with type 2 diabetes. However, there were fewer (9 and 

10, respectively) and older (from 2004 to 2013) subjects in those studies; our study 

included 21 RCT from 2004 to 2022 with HbA1c outcome.  
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We suggest that pedometer-based physical activity has a medium increase in 

steps per day among adults with T2DM. The overall increase was 2,121 steps per day 

in our study, which is very similar to a previous meta-analyses(7,9). The American 

Diabetes Association advice patients with diabetes to achieve at least 150 

minutes/week of moderate-intensity physical activity(2). Marshall et al. transformed 

this indication into steps and concluded that a person should walk a minimum of 3,000 

steps in 30 minutes or three courses of 1,000 steps in ten minutes five times per week 

to achieve this result(41). Based in this information, pedometers increase physical 

activity in patients with T2DM by approximately 20 minutes per day versus control 

group. Therefore, using pedometers to stimulate walking may very well be the first 

step toward achieving the physical activity necessary to improve long-term health 

outcomes. 

To the best of our knowledge, this is the first systematic review to assess the 

impact of monitoring device intervention on triglycerides in adults with T2DM. 

Nevertheless, there is sufficient information from previous studies(42,43). There is 

specialist consensus(44,45) to support our findings on triglycerides reduction with 

monitoring devices based-physical activity. The impact of pedometer and 

accelerometer interventions on weight and BMI in patients with T2DM is still difficult to 

establish. Our findings resulted in a significant reduction on short term studies. Cai et 

al.(6) indicated that pedometer-based interventions led to a significant decrease in 

BMI and weight in overweight and obese adults with type 2 diabetes, but other meta-

analyse(8) found no difference in BMI and weight.  These controversies could be 

explained by the limited number of studies with weight and BMI outcomes and different 

study selection criteria. 
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 This study does have some limitations. Moderate to high heterogeneity was 

identified in the meta-analyses. To explore that, we performed sensitivity analysis and 

repeated the meta-analyses while removing one study at a time to assess how each 

individual study impacted heterogeneity. Furthermore, we performed subgroup and 

meta regression analyses to identify clinical and methodological differences between 

studies. Unfortunately, the general quality of our studies was moderate to low, thus 

reflecting an increased risk of bias, inconsistency, and imprecision in some studies. 

RCTs with intention-to-treat analyses are still needed considering that bias due to 

deviations from intended interventions was the main concern. The strengths of this 

systematic review and meta-analysis are the statistical methods, large sample size, 

and inclusion of recent trials in the field.  

 

CONCLUSION 

Pedometers and accelerometers are associated with reductions in HbA1c 

and triglycerides reductions and increased PA in patients with T2DM when used 

as motivating tools. 
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Figure 1. Identification and selection of articles included in the meta-analysis 

 
 

Abbreviations: PA, physical activity; RCT, randomized clinical trials.  
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Table 1. Characteristics of the studies included in the meta-analysis 
  

Characteristic of participants Intervention and Control Groups Intervention details Dropouts (%) 

Study Trial Site Sample 
Size 

Mean Age, 
yearsa 

Mean T2DM 
duration, 

yearsb 

Intervention  group Control group Duration, 
weeks 

Instrument (Brand) Dietary 
advice 

Intervention Control 

Alghafri, 2018 Oman 232 44 5,8 PA consultation with 
steps goals 

Usual care 48 Pedometer (Yamax Digi-Walker SW-
200, Yamasa Tokei Keiki, Tokyo, 

Japan) 

yes 32,8 16,4 

Andrews, 2011 England 494 60 0,51 Walking + Diet Diet only 48 Pedometer (Digiwalker CW200, 
Yamax, Japan) 

yes 2,4 0,8 

Araiza, 2006 USA 30 50 NR Walking Usual care 6 Pedometer Yamax Digiwalker (SW-
701, New Lifestyles, Kansas City, MI) 

no 0 0 

Bjorgaas, 2008 Norway 70 58 IG: 4.6  CG:7.4 Log-book + Encourage 
to increase daily step 

count guided with 
pedometer 

Encouraged to 
increase daily time 
walking guided by 

the log-book. 

24 Pedometer (Yamax Digi-Walker ML 
AW-320, Yamax Corp, Tokyo, Japan) 

no 30,3 32,4 

DeGreef, 2010 Belgium 41 61 NR Cognitive-behavioral 
with a pedometer 

Usual care   12 Pedometer (Yamax DigiWalker 
SW200) 

no 10 14,3 

De Greef, 2011 Belgium 67 67 NR 1 (Individual 
consultation) n= 22 
2(Group counseling) 

n=21  

Usual care 12 Pedometer (The Yamax DigiWalker 
SW200, Tokyo, Japan) 

no NR NR 

Diedrich, 2010 USA 53 54 NR Attended the usual 
DSMEP + Pedometer 

Attended the usual 
DSMEP only 

12 Pedometer (Yamax Digiwalker SW-
200) 

yes 40,7 34,6 

Engl, 2006 Australia 54 62 8 Pedometer and 
coaching: goals based 

on steps per day 

Coaching-only: 
goals based on time 

spent walking per 
day 

24 Pedometer (Yamax Digi-Walker-700) no 8,3 6,6 

Fayehun, 2018 Nigeria 46 54 NR Pedometer with 
10000 steps goal 

Usual care 10 Pedometer  (Yamax Digi-Walker SW-
200 , Tokyo, Japan) 

no 17,4 21,7 

Gu, 2019 China 90 71 12 Telephone health 
education + 

Pedometer step goals 

Telephone health 
education only 

48 Pedometer (P084, SPORTWAY, 
ShenZhen, China) 

yes 0 0 

Hu, 2019 China 256 52 0,47 Diet + Pedometer Diet only 24 Pedometer (Yamax DigiwalkerSW-
701, Tokyo, Japan) 

yes 2,3 1,5 
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Idowo, 2021 Nigeria 58 48 2,8 Graded activity + 
Pedometer 

Graded activity only 12 Pedometer (NR) no 13,8 10,3 

Karstoft, 2013 Denmark 20 59 IG:6.2 CG:4.5 Target energy 
expenditure with 

accelerometer 

Usual care 16 Triaxial accelerometer (Actiheart; 
CamNtech, Cambridge, U.K.) 

no 0 0 

Kirk, 2003 Scotland 70 57 6 Accelerometer + 
support phone calls + 

Leaflet 

Phone calls about 
topics unrelated to 
exercise + Leaflet 

24 CSA uniaxial accelerometer 
(Computer Science 

and Applications, Shalimar, FL) 

no 8,6 11,4 

Koo,2010 Korea 31 56 8 Diet + Accelerometer. Diet + Conventional 
exercise education 

12 Accelerometer (Lifecorde; Suzuken 
Co., Nagoya, Japan). 

yes NR NR 

Leischik, 2021 Germany 33 58 NR Pedometer supported 
PA 

Usual care 12 Pedometer (E-health) no 5,5 0 

Miyamoto, 2017 Japan 20 61 IG: 11 CG:10 LPA with 
Accelerometers with 
the display turned on 

Usual care with 
Accelerometer with 
display turned off.  

12 Accelerometer (HJA-350IT, Omron 
Healthcare, Kyoto, Japan) 

yes 10 0 

Paschali, 2005 USA 30 48 4,7 Behavioral counseling 
+ Access to the 

accelerometer data 

Behavioral 
counseling  (Blind to 

the data from the 
accelerometers) 

12 BioTrainer accelerometer (IM 
Systems, Baltimore, MD, USA) 

no 13,3 13,3 

Rekha, 2020 India 34 47 NR 10,000 steps/day goal Usual care 12 Pedometer (PINGKO Outdoor Multi-
Function Portable Sport) 

no NR NR 

Shenoy, 2010 India 40 52 5,1 Walking program with 
step goals 

Usual care 8 Pedometer (NR) no 0 0 

Silfee, 2016 USA 24 57 NR Behavioral 
intervention with step 

goals 

Usual care 5 Pedometer (NR) no 15,4 0 

Tudor-Locke, 2004 Canada 60 52 1,5 Steps goal setting and 
problem-solving 

exercises. 

wait-list 16 Pedometer (Yamax SW-200, Yamax 
Corporation, Tokyo, Japan 

no 20 23,3 

Van Dyck, 2013 Belgium 92 62 NR              
(82% > 5 
years)c 

Cognitive-behavioral 
therapy with 
pedometer 

Usual care 24 Pedometer (Yamax 
DigiWalker SW200) 

no 3,3 6,2 

Yamanouchi, 1995 Japan 24 41 NR                    
(< 1 year)c 

Hospitalized patients. 
10,000 steps/day goal 

+ Diet 

Hospitalized 
patients. Diet alone 

8 Pedometer (HJ-7, OMRON 
Industries) 

yes 0 0 

Abbreviations: CG, control group; DSMEP, Diabetes Self-Management Education Program; IG, intervention group; LPA, Locomotive physical activity; NR, not reported; PA, physical activity; 

SD, standard deviation; T2DM, type 2 diabetes. aData represents mean baseline age for total population. bData represents mean baseline duration of T2DM for total population or per group when 

available. cMean duration not informed, between parenthesis data represents description of the population provided in the text.
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Table 2. Summary of Findings of Meta-analysis of the association of monitoring 

devices-physical activity vs control 

   
Random-effects meta-analysis* GRADE 

Outcome No. 
Trials 

No. 
Participant
s 

MD (95% CI) I2 Heterogeneity 
P value 

Overall 
certainty of 
evidence 

HbA1c (%) 20 1790 -0.22 (-0.40, -0.05) 77% <0.01 ⨁⨁◯◯ 
Low 

Fasting Glucose 
(mg/dl) 

12 747 -2.53 (-11.57, 6.50) 85% <0.01 ⨁⨁◯◯ 
Low 

Weight (kg) 15 1526 0.24 (-1.93, 2.40) 53% <0.01 ⨁⨁⨁◯ 
Moderate 

BMI (kg/m2) 14 1248 -0.31 (-1.00, 0.37)  42% 0.04 ⨁⨁◯◯ 
Low 

Systolic blood 
pressure (mmHg) 

17 1715 1.37 (-1.38, 4.12) 79% <0.01 ⨁⨁◯◯ 
Low 

Diastolic blood 
pressure (mmHg) 

16 1623 0.34 (-1.40, 2.07) 82% <0.01 ⨁⨁◯◯ 
Low 

Total cholesterol 
(mg/dl) 

13 1485 0.42 (-4.57, 1.39) 53% 0.01 ⨁⨁⨁◯ 
Moderate 

LDL- cholesterol 
(mg/dl) 

10 1307 -1.60 (-4.77, 1.57) 21% 0.25 ⨁⨁⨁◯ 
Moderate 

HDL-cholesterol 
(mg/dl) 

10 1357 1.41 (-0.10, 2.92) 0% 0.92 ⨁⨁⨁◯ 
Moderate 

Triglycerides (md/dl) 11 1377 -13.11 (-25.21, -1.02)  22% 0.24 ⨁⨁⨁◯ 
Moderate 

Steps per day 
(ambulatory studies 
only) 

10 878 2131.61 (1348.34, 
2914.88) 

74% <0.01 ⨁⨁⨁◯ 
Moderate 

Abbreviations: BMI, body mass index; MD, mean difference 

* Analyses were conducted using Review Manager (RevMan, version 5.4)   
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Figure 2. Forest Plot of meta-analysis of effect of intervention compared with 

control  

A. For HbA1C (%) 
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B. For Triglycerides 

 
Markers indicate mean differences, with the size of the markers reflecting 

weights; horizontal lines indicate 95%CIs; and diamonds indicate pooled means, with 

the points of the diamonds indicating 95%CIs of the pooled means. The vertical line 

indicates the point at which there was no difference between intervention and usual 

care (null effect). 
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Supplemental Figure 1. Risk of bias assessment 

 
 
Risk of bias graph about each risk of bias item presented as percentages across all 

included studies. 
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Supplemental Figure 2: Funnel Plots 
Details: 
- multiplicative residual heterogeneity variance (tau^2 = 4.5468) 
- predictor: standard error 
- weight:    inverse variance 
- reference: Egger et al. (1997), BMJ 
 
HbA1c 

 
Linear regression test of funnel plot asymmetry 
 
Test result: t = -0.26, df = 19, p-value = 0.7995 
 
Sample estimates: 
    bias se.bias intercept se.intercept 
 -0.2258  0.8766   -0.1620       0.1498 
 
Fasting Glucose 

 
Linear regression test of funnel plot asymmetry 
 
Test result: t = -0.13, df = 11, p-value = 0.9009 
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Sample estimates: 
    bias se.bias intercept se.intercept 
 -0.1725  1.3540   -1.6456       7.1584 
 
Weight 

 
Linear regression test of funnel plot asymmetry 
 
Test result: t = -0.85, df = 13, p-value = 0.4096 
 
Sample estimates: 
    bias se.bias intercept se.intercept 
 -0.7538  0.8846    2.3665       2.3251 
 
BMI 

 
Linear regression test of funnel plot asymmetry 
 
Test result: t = -1.37, df = 13, p-value = 0.1926 
 
Sample estimates: 
    bias se.bias intercept se.intercept 
 -1.1963  0.8705    0.8449       0.8196 
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Systolic Blood Pressure 

 
Linear regression test of funnel plot asymmetry 
 
Test result: t = 0.92, df = 15, p-value = 0.3717 
 
Sample estimates: 
   bias se.bias intercept se.intercept 
 0.8893  0.9658   -1.3820       2.1212 
 
Diastolic Blood Pressure 

 
Linear regression test of funnel plot asymmetry 
 
Test result: t = 0.86, df = 14, p-value = 0.4034 
 
Sample estimates: 
   bias se.bias intercept se.intercept 
 1.0330  1.1988   -1.4976       1.6261 
 
Total Cholesterol 
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Linear regression test of funnel plot asymmetry 
 
Test result: t = -0.55, df = 12, p-value = 0.5904 
 
Sample estimates: 
    bias se.bias intercept se.intercept 
 -0.4511  0.8157    3.9760       4.802 
 
LDL- Cholesterol 

 
Linear regression test of funnel plot asymmetry 
 
Test result: t = -0.17, df = 8, p-value = 0.8717 
 
Sample estimates: 
    bias se.bias intercept se.intercept 
 -0.1504  0.9021   -0.7942       3.8915 
 
HDL – Cholesterol 
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Linear regression test of funnel plot asymmetry 
 
Test result: t = -0.43, df = 8, p-value = 0.6810 
 
Sample estimates: 
    bias se.bias intercept se.intercept 
 -0.2041  0.4787    1.8537       1.1659 
 
Triglycerides 

 
Linear regression test of funnel plot asymmetry 
 
Test result: t = 1.92, df = 9, p-value = 0.0872 
 
Sample estimates: 
   bias se.bias intercept se.intercept 
 1.1774  0.6135  -31.9745      10.0565 
 
Steps with Yamanouchi 
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Linear regression test of funnel plot asymmetry 
 
Test result: t = 0.92, df = 10, p-value = 0.3810 
 
Sample estimates: 
   bias se.bias intercept se.intercept 
 3.5598  3.8840  835.0215    2123.2684 
 
Steps Only ambulatorial studies (without Yamanouchi) 

 
Linear regression test of funnel plot asymmetry 
 
Test result: t = 1.74, df = 10, p-value = 0.1118 
 
Sample estimates: 
   bias se.bias intercept se.intercept 
 1.0677  0.6122  -30.9649      10.0847 
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Supplemental Figure 3 Forest Plot of subgroup meta-analysis (RevMan, version 5.4) 
 

1. HbA1c subgroup analysis of length follow up : short (<12 weeks) vs long (³12 weeks)  

 
2. HbA1c Heterogeneity exploration (Results without Fayehun et al. study) 

 
3. HbA1c (%) Subgroup analysis for Type of device (pedometer vs accelerometer)  
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4. HbA1c subgroup analysis presence of dietary advise 
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5. HbA1C Subgroup analysis for type of control (usual care vs physical activity)  

 
6. HbA1C Subgroup analysis of Risk of Bias (Low or Some concerns vs High) 
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7. Fasting Glucose Subgroup analysis of length follow up : Short (<12 weeks) vs long 

(³12 weeks) 
 

 
 

8. Fasting Glucose subgroup analysis of type of device (pedometer  vs accelerometer)  
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9. Fasting Glucose Subgroup analysis of type of control (usual care vs physical activity) 

 
10. Fasting Glucose subgroup analysis of presence of dietary advice  



101 

 101 

 
11. Fasting Glucose subgroup analysis of Risk of Bias (Low or Some concerns vs High) 

 
12. Weight subgroup analysis of length follow up : Short (<12 weeks) vs long (³12 weeks) 
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13. Weight subgroup analysis of type of device (pedometer vs accelerometer) 

 
14. Weight subgroup analysis of presence of dietary advice 
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15. Weight subgroup analysis of type of control (usual care vs physical activity) 

 
16. Weight subgroup analysis of Risk of Bias (Low or Some concerns vs High) 
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17. BMI subgroup analysis of length follow up : Short (<12 weeks) vs long (³12 weeks) 

 
18. BMI subgroup analysis of type of device (pedometer vs accelerometer) 
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19. BMI subgroup analysis of presence of dietary advice 

 
20. BMI subgroup analysis of type of control (usual care vs physical activity) 
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21. BMI subgroup analysis of Risk of Bias (Low or Some concerns vs High) 

 
 

22. Systolic blood pressure subgroup analysis of length follow up : Short (<12 weeks) vs 
long (³12 weeks) 
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23. Systolic blood pressure subgroup analysis of type of device (pedometer vs 

accelerometer) 

 
24. Systolic blood pressure subgroup analysis of presence of dietary advice 
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25. Systolic blood pressure subgroup analysis of type of control (usual care vs physical 

activity) 

 
26. Systolic blood pressure subgroup analysis of Risk of Bias (Low or Some concerns vs 

High) 
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27. Diastolic blood pressure subgroup analysis of length follow up : Short (<12 weeks) vs 

long (³12 weeks) 

 
28. Diastolic blood pressure subgroup analysis of type of device (pedometer vs 

accelerometer) 
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29. Diastolic blood pressure subgroup analysis of presence of dietary advice 

 

 
30. Diastolic blood pressure subgroup analysis of type of control (usual care vs physical 

activity) 
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31. Diastolic blood pressure subgroup analysis of Risk of Bias (Low or Some concerns vs 

High) 

 
32. Total cholesterol subgroup analysis of length follow up : Short (<12 weeks) vs long 

(³12 weeks) 



112 

 112 

 
33. Total cholesterol subgroup analysis of type of device (pedometer vs accelerometer) 

 
34.  Total cholesterol subgroup analysis of presence of dietary advice 
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35. Total cholesterol subgroup analysis of type of control (usual care vs physical activity) 

 
36. Total cholesterol subgroup analysis of Risk of Bias (Low or Some concerns vs High) 
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37. LDL- cholesterol subgroup analysis of length follow up : Short (<12 weeks) vs long 

(³12 weeks) 

 
38. LDL- cholesterol subgroup analysis of type of device (pedometer vs accelerometer) 

 
39. LDL- cholesterol subgroup analysis of presence of dietary advice 
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40. LDL- cholesterol subgroup analysis of type of control (usual care vs physical activity) 

Not Applicable 
41. LDL- cholesterol subgroup analysis of Risk of Bias (Low or Some concerns vs High) 

 
42. HDL-cholesterol subgroup analysis of length follow up : Short (<12 weeks) vs long 

(³12 weeks) 

 
43. HDL-cholesterol subgroup analysis of type of device (pedometer vs accelerometer) 
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44. HDL-cholesterol subgroup analysis of presence of dietary advice 

 
45. HDL-cholesterol subgroup analysis of type of control (usual care vs physical activity) 

 
46. HDL-cholesterol subgroup analysis of Risk of Bias (Low or Some concerns vs High) 



117 

 117 

 
47. Triglycerides subgroup analysis of length follow up : Short (<12 weeks) vs long (³12 

weeks) 

 
48. Triglycerides subgroup analysis of type of device (pedometer vs accelerometer) 

 
49. Triglycerides subgroup analysis of presence of dietary advice 
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50. Triglycerides subgroup analysis of type of control (usual care vs physical activity) 

 
51. Triglycerides subgroup analysis of Risk of Bias (Low or Some concerns vs High) 

 
52. Triglycerides subgroup analysis of Risk of Bias (Low vs Some concerns vs High) 
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53. Steps per day /1000 subgroup analysis of length follow up : Short (<12 weeks) vs long 

(³12 weeks) 

 
54. Steps per day/1000 subgroup analysis of presence of dietary advice 
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55. Steps per day/1000 subgroup analysis of type of control (usual care vs physical 

activity) 

 
56. Steps per day/1000 subgroup analysis of Risk of Bias (Low or Some concerns vs High) 
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57. Ambulatory steps per day /1000 subgroup analysis of length follow up : Short (<12 

weeks) vs long (³12 weeks) 

 
58. Ambulatory steps per day/1000 subgroup analysis of presence of dietary advice 
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59. Ambulatory steps per day/1000 subgroup analysis of type of control (usual care vs 

physical activity) 

 
60. Ambulatory steps per day/1000 subgroup analysis of Risk of Bias (Low or Some 

concerns vs High) 
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Supplemental Figure 4: Sensitive analysis (meta-regression for HbA1c) 
A. Age (years) 

 
Mixed-Effects Model (k = 21; tau^2 estimator: REML) 
 
tau^2 (estimated amount of residual heterogeneity):     0.1030 (SE = 0.0522) 
tau (square root of estimated tau^2 value):             0.3209 
I^2 (residual heterogeneity / unaccounted variability): 75.63% 
H^2 (unaccounted variability / sampling variability):   4.10 
R^2 (amount of heterogeneity accounted for):            0.00% 
 
Test for Residual Heterogeneity: 
QE(df = 19) = 81.7855, p-val < .0001 
 
Test of Moderators (coefficient 2): 
QM(df = 1) = 0.0309, p-val = 0.8604 
 
Model Results: 
 
         estimate      se     zval    pval    ci.lb   ci.ub     
intrcpt   -0.3719  0.8452  -0.4400  0.6599  -2.0285  1.2847     
idade      0.0026  0.0149   0.1758  0.8604  -0.0265  0.0317     
 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

 
 
 
 
 
 
 
 
B. Length of follow-up  
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Mixed-Effects Model (k = 21; tau^2 estimator: REML) 
 
tau^2 (estimated amount of residual heterogeneity):     0.0826 (SE = 0.0454) 
tau (square root of estimated tau^2 value):             0.2874 
I^2 (residual heterogeneity / unaccounted variability): 68.86% 
H^2 (unaccounted variability / sampling variability):   3.21 
R^2 (amount of heterogeneity accounted for):            14.27% 
 
Test for Residual Heterogeneity: 
QE(df = 19) = 61.8685, p-val < .0001 
 
Test of Moderators (coefficient 2): 
QM(df = 1) = 2.4027, p-val = 0.1211 
 
Model Results: 
 
         estimate      se     zval    pval    ci.lb    ci.ub      
intrcpt   -0.4292  0.1574  -2.7271  0.0064  -0.7376  -0.1207  **  
Follow     0.0104  0.0067   1.5501  0.1211  -0.0027   0.0235   
 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
 
 
 
 
 
 
 

C. Baseline HbA1c  
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Mixed-Effects Model (k = 21; tau^2 estimator: REML) 
 
tau^2 (estimated amount of residual heterogeneity):     0.0965 (SE = 0.0501) 
tau (square root of estimated tau^2 value):             0.3107 
I^2 (residual heterogeneity / unaccounted variability): 74.07% 
H^2 (unaccounted variability / sampling variability):   3.86 
R^2 (amount of heterogeneity accounted for):            0.00% 
 
Test for Residual Heterogeneity: 
QE(df = 19) = 86.6173, p-val < .0001 
 
Test of Moderators (coefficient 2): 
QM(df = 1) = 1.1109, p-val = 0.2919 
 
Model Results: 
 
         estimate      se     zval    pval    ci.lb   ci.ub     
intrcpt    0.8418  1.0146   0.8296  0.4067  -1.1469  2.8304     
A1C       -0.1454  0.1379  -1.0540  0.2919  -0.4157  0.1250     
 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
 
 
 
 
 
 
 

D. Male (%) 
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Mixed-Effects Model (k = 19; tau^2 estimator: REML) 
 
tau^2 (estimated amount of residual heterogeneity):     0.1098 (SE = 0.0561) 
tau (square root of estimated tau^2 value):             0.3313 
I^2 (residual heterogeneity / unaccounted variability): 77.01% 
H^2 (unaccounted variability / sampling variability):   4.35 
R^2 (amount of heterogeneity accounted for):            0.00% 
 
Test for Residual Heterogeneity: 
QE(df = 17) = 64.5960, p-val < .0001 
 
Test of Moderators (coefficient 2): 
QM(df = 1) = 0.0331, p-val = 0.8556 
 
Model Results: 
 
         estimate      se     zval    pval    ci.lb   ci.ub     
intrcpt   -0.2804  0.3149  -0.8902  0.3733  -0.8977  0.3369     
Homens     0.0010  0.0055   0.1819  0.8556  -0.0097  0.0117     
 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
 
 
 
 
 
 
 
 

E. Baseline weight (kg) 
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Mixed-Effects Model (k = 18; tau^2 estimator: REML) 
 
tau^2 (estimated amount of residual heterogeneity):     0.0469 (SE = 0.0326) 
tau (square root of estimated tau^2 value):             0.2166 
I^2 (residual heterogeneity / unaccounted variability): 59.37% 
H^2 (unaccounted variability / sampling variability):   2.46 
R^2 (amount of heterogeneity accounted for):            0.00% 
 
Test for Residual Heterogeneity: 
QE(df = 16) = 53.9209, p-val < .0001 
 
Test of Moderators (coefficient 2): 
QM(df = 1) = 0.0871, p-val = 0.7679 
 
Model Results: 
 
         estimate      se     zval    pval    ci.lb   ci.ub     
intrcpt    0.0590  0.6319   0.0934  0.9256  -1.1795  1.2975     
Peso      -0.0022  0.0074  -0.2951  0.7679  -0.0166  0.0123     
 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
 
 
 
 
 
 
 
 

F. Baseline BMI (Kg/m2) 
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Mixed-Effects Model (k = 20; tau^2 estimator: REML) 
 
tau^2 (estimated amount of residual heterogeneity):     0.1133 (SE = 0.0588) 
tau (square root of estimated tau^2 value):             0.3366 
I^2 (residual heterogeneity / unaccounted variability): 75.10% 
H^2 (unaccounted variability / sampling variability):   4.02 
R^2 (amount of heterogeneity accounted for):            0.00% 
 
Test for Residual Heterogeneity: 
QE(df = 18) = 73.7126, p-val < .0001 
 
Test of Moderators (coefficient 2): 
QM(df = 1) = 0.0020, p-val = 0.9641 
 
Model Results: 
 
         estimate      se     zval    pval    ci.lb   ci.ub     
intrcpt   -0.2594  0.8714  -0.2977  0.7659  -1.9673  1.4485     
IMC        0.0013  0.0293   0.0449  0.9641  -0.0562  0.0588     
 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
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Supplemental Table 1: Complete search strategy database: 
 
PubMed  
(Diabetes Mellitus, Type 2[mh] OR (diabete* AND (type 2[tw] OR type ii[tw] OR 
Noninsulin[tw] OR Non insulin[tw] OR Non-insulin[tw] OR Ketosis Resistant[tw] OR 
Ketosis-Resistant[tw] OR Maturity Onset[tw] OR Maturity-Onset[tw] OR NIDDM[tw]))) 
AND 
((clinical[tw] AND trial[tw) OR clinical trials as topic[mh] OR clinical trial[pt] OR 
random*[tw] OR random allocation[mh] OR therapeutic use[sh]) 
AND 
(pedomet*[tw] OR ((step[tw] OR steps[tw] OR walk*[tw]) AND (count[tw] OR 
counter[tw] OR counters[tw] OR counting[tw] OR sensor*[tw] OR sensing[tw] OR 
meter*[tw])) OR Accelerometry[mh] OR accelerom*[tw] OR actimeter*[tw] OR 
actigraph*[tw] OR actiwatch*[tw] OR GT3X[tw] OR ((activit*[tw] OR move*[tw] OR 
motion[tw] OR energy[tw] OR exercise[tw]) AND (monitor*[tw] OR sensor[tw] OR 
sensing[tw] OR detect*[tw] OR count[tw] OR counter[tw] OR counters[tw] OR 
counting[tw]))) 
Scopus  
(TITLE-ABS-KEY(diabete*) AND TITLE-ABS-KEY("type 2" OR "type ii" OR Noninsulin 
OR "Non insulin" OR Non-insulin OR "Ketosis Resistant" OR "Ketosis-Resistant" OR 
"Maturity Onset" OR Maturity-Onset OR NIDDM)) AND (TITLE-ABS-KEY(clinical AND 
trial) OR TITLE-ABS-KEY(random*)) AND (TITLE-ABS-KEY(pedomet*) OR TITLE-
ABS-KEY(step OR steps OR walk*)) AND (TITLE-ABS-KEY(count OR counter OR 
counters OR counting OR sensor* OR sensing OR meter*) OR TITLE-ABS-
KEY(accelerom* OR actimeter* OR actigraph* OR actiwatch* OR GT3X) OR TITLE-
ABS-KEY(activit* OR move* OR motion OR energy OR exercise)) AND (TITLE-ABS-
KEY(monitor* OR sensor OR sensing OR detect* OR count OR counter OR counters 
OR counting))  
Embase  
('non insulin dependent diabetes mellitus'/exp OR (diabete* AND ('type 2' OR 'type ii' 
OR Noninsulin OR 'Non insulin' OR 'Non-insulin' OR 'Ketosis Resistant' OR 'Ketosis-
Resistant' OR 'Maturity Onset' OR 'Maturity-Onset' OR NIDDM)):ti,ab,kw)  
AND 
('clinical trial (topic)'/exp OR 'clinical trial'/exp OR randomization/de OR ((clinical AND 
trial) OR random*):ti,ab,kw)  
AND 
(pedometer/exp OR accelerometer/exp OR pedomet*:ti,ab,kw OR (step OR steps OR 
walk* AND (count OR counter OR counters OR counting OR sensor* OR sensing OR 
meter*)):ti,ab,kw OR accelerom* OR actimeter* OR actigraph* OR actiwatch* OR 
GT3X OR ((activit* OR move* OR motion OR energy OR exercise) AND (monitor* OR 
sensor OR sensing OR detect* OR count OR counter OR counters OR 
counting)):ti,ab,kw)  
Lilacs  
diabete* AND (pedomet* OR ((step OR steps OR walk*) AND (count OR counter OR 
counters OR counting OR sensor* OR sensing OR meter*)) OR (accelerom* OR 
actimeter* OR actigraph* OR actiwatch* OR GT3X) OR ((activit* OR move* OR motion 
OR energy OR exercise) AND (monitor* OR sensor OR sensing OR detect* OR count 
OR counter OR counters OR counting))) AND type_of_study:("clinical_trials")  
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Supplemental Table 2: Risk of bias study-by-study summary and overall by 
each domain 

Study Randomiz
ation 
process 

Deviation
s from 
intended 
interventi
ons 

Missing 
outcome 
data 

Measure
ment of 
the 
outcome 

Selection 
of the 
reported 
result 

Overall Bias 

Alghafri, 
2018 

Low Low Low Low Low Low 

Andrews,  
2011 

Low Low Low Low Low Low 

Araiza, 2006 Some 
concerns 

Some 
concerns 

Low Low Low Some 
concerns 

Bjorgaas, 
2008 

Some 
concerns 

Some 
concerns 

Some 
concerns 

Low Low Some 
concerns 

DeGreef, 
2010 

Low Low Some 
concerns 

Low Low Some 
concerns 

De Greef, 
2011 

Low Low Low Low Low Low 

Diedrich, 
2010 

Some 
concerns 

Some 
concerns 

Some 
concerns 

Low Low Some 
concerns 

Engl, 2006 Low High Low Low Low High 
Fayehun, 
2018 

Low Low Low Low Low Low 

Gu, 2019 Low Low Low Low Low Low 
Hu, 2019 Low Low Low Low Low Low 
Idowo, 2020 Some 

concerns 
High High Low Low High 

Karstoft, 
2013 

High Some 
concerns 

Low Low Low High 

Kirk, 2003 Low High High Low Low High 
Koo, 2010 High High High Low Low High 
Leischik, 
2021 

Low Some 
concerns 

Low Low Some 
concerns 

Some 
concerns 

Miyamoto, 
2017 

Low Some 
concerns 

Low Low Low Some 
concerns 

Paschali, 
2005 

Some 
concerns 

High Low High Some 
concerns 

High 

Rekha, 2020 Some 
concerns 

High Some 
concerns 

Low Some 
concerns 

High 

Shenoy, 
2010 

Low Low Low Low Low Low 

Silfee, 2016 High High High Low Low High 
Tudor-Locke, 
2004 

Some 
concerns 

Some 
concerns 

High Low Low High 
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Van Dyck, 
2013 

Some 
concerns 

Low Low Low Low Some 
concerns 

Yamanouchi, 
1995 

Some 
concerns 

High Low Low Some 
concerns 

High 
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Supplemental Table 3 – Quality of the evidence (GRADE assessment) 
Certainty assessment Summary of findings 

Participa
nts 

(studies) 
Follow-

up 

Risk of 
bias 

Inconsiste
ncy 

Indirectne
ss 

Imprecisi
on 

Publicati
on bias 

Overall 
certainty 

of 
evidence 

Number of 
participants 

Mean 
absolute 
differenc

e 
between 
interventi

on and 
control 
group* 

Contr
ol 

Interventi
on 

HbA1c (%) 

1790 
(20 RCTs) 

serious
a,b 

not serious not 
serious 

seriousc none ⨁⨁◯
◯ 
Low 

877 913 MD 0.22 
lower 

(0.4 lower 
to 0.05 
lower) 

Fasting glucose (mg/dl) 

771 
(13 RCTs) 

serious
b,d 

seriouse not 
serious 

not 
serious 

none ⨁⨁◯
◯ 
Low 

372 399 MD 2.53 
lower 
(11.57 

lower to 
6.50 

higher) 

Weight (kg) 

1526 
(15 RCTs) 

serious
b,d 

not serious not 
serious 

not 
serious 

none ⨁⨁⨁
◯ 

Moderate 

747 779 MD 0.24 
higher 
(1.93 

lower to 
2.40 

higher) 

BMI (kg/m2) 

1248 
(14 RCTs) 

serious
b,d 

not serious not 
serious 

seriousc none ⨁⨁◯
◯ 
Low 

585 663 MD 0.31 
lower 
(1.00 

lower to 
0.37 

higher) 

Systolic blood pressure (mmHg) 

1715 
(17 RCTs) 

serious
a,b 

seriouse not 
serious 

not 
serious 

none ⨁⨁◯
◯ 
Low 

856 889 MD 1.37 
higher 
(1.38 

lower to 
4.12 

higher) 

Diastolic blood pressure (mmHg) 

1623 
(16 RCTs) 

serious
a,b 

seriouse not 
serious 

not 
serious 

none ⨁⨁◯
◯ 
Low 

809 814 MD 0.34 
higher 

(1.4 lower 
to 2.07 
higher) 

Total cholesterol (mg/dl) 
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Certainty assessment Summary of findings 

1485 
(13 RCTs) 

serious
a,b 

not serious not 
serious 

not 
serious 

none ⨁⨁⨁
◯ 

Moderate 

714 771 MD 0.42 
higher 
(4.84 

lower to 
5.68 

higher) 

LDL- cholesterol (mg/dl) 

1307 
(10 RCTs) 

serious
a,b 

not serious not 
serious 

not 
serious 

none ⨁⨁⨁
◯ 

Moderate 

632 675 MD 1.60 
lower 
(4.77 

lower to 
1.57 

higher) 

HDL-cholesterol (mg/dl) 

1357 
(10 RCTs) 

serious
a,b 

not serious not 
serious 

not 
serious 

none ⨁⨁⨁
◯ 

Moderate 

659 698 MD 1.41 
higher 
(0.10 

lower to 
2.92 

higher) 

Triglycerides (md/dl) 

1377 
(11 RCTs) 

serious
a,b 

not serious not 
serious 

not 
serious 

none ⨁⨁⨁
◯ 

Moderate 

669 708 MD 14.42 
lower 
(25.47 

lower to 
3.37 

lower) 

Steps per day 

878 
(11 RCTs) 

serious
a,b 

not serious not 
serious 

not 
serious 

none ⨁⨁⨁
◯ 

Moderate 

409 469 MD 
2131.61 
higher 

(1348.34 
higher to 
2914.88 
higher) 

Abbreviations: CI, confidence interval; MD, mean difference; RCT, randomized clinical trials 
*Meta-analysis using Review Manager (RevMan, version 5.4) 

Explanations 

a. Missing outcome data 
b. Deviations from intended interventions 
c. Wide 95% Confidence Interval, including clinically and not clinically significancy 
d. Randomization process 
e. variability in the included studies is most likely not due to chance but due to diversity between the studies themselves 
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4  CONSIDERAÇÕES FINAIS 
  

 Essa tese demonstrou que, apesar de haver um aumento do número de passos 

incentivados por pedômetro em indivíduos com diabetes, tanto no ECR quanto na 

nossa RS, o impacto sobre os parâmetros pressóricos e metabólicos são pequenos: 

No ECR, tanto o grupo dieta DASH quanto o grupo dieta associada ao uso de 

pedômetro (DASHPED) apresentaram reduções semelhantes na  PA vigília na MAPA 

e no peso ao longo do tempo. Apesar do grupo DASHPED ter apresentado uma 

redução significativa intragrupo na HbA1c, não houve diferença significativa com o 

grupo DASH. Já na revisão sistemática com meta-análise, o uso de pedômetros 

reduziu a HbA1c e os triglicerídeos, quando comparado ao controle. No entanto, não 

teve associação com mudança no peso, IMC, pressão arterial ou perfil lipídico.  

 Uma das hipóteses para o baixo impacto do uso de pedômetros nos parâmetros 

pressóricos e metabólicos de pacientes com DM 2, é o fato de não conseguir um 

expressivo aumento na atividade física. Estudos mostram que para que o exercício 

tenha efeitos metabólicos e cardiovasculares, a quantidade de passos deve ser mais 

expressiva que a apresentada na nossa intervenção (1–3). Em nosso ECR, o uso de 

pedômetros em pacientes com DM2, idosos e hipertensos não controlados levou a um 

aumento médio de 1721 passos ao dia enquanto o grupo controle teve uma redução 

da média de 116  passos ao dia. De modo semelhante, o uso de pedômetro de forma 

ambulatorial aumenta a atividade física de adultos com DM2 em aproximadamente 

2131 passos ao dia quando comparado com controle em nossa revisão sistemática.  

Estes valores, apesar de difíceis de serem atingidos por esse perfil de pacientes, 

podem não ser capaz de mudar o status de atividade física do paciente, mantendo-se 

ainda numa categoria considerado sedentário ou pouco ativo. No entanto, devemos 

ter cuidado com a fragilidade de alguns pacientes ao prescrever atividade física devido 

o risco de quedas, lesão articulares e dores (4). 

 Um importante fator envolvido no impacto dos dispositivos eletrônicos é o efeito 

novidade (“novelty effect”). Na pesquisa de interação humano-eletrônicos, o efeito 

novidade é definido como as primeiras respostas subjetivas de uma pessoa ao usar 

uma tecnologia, não o padrão de uso que persistirá ao longo do tempo à medida que 

o produto deixa de ser novo (5). Clark e Sugrue (6) determinaram que são necessárias 

oito semanas para que o fator novidade reduza ao nível mínimo. Portanto, a novidade 
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pode servir como variável de confusão para estudos com duração inferior a oito 

semanas, distorcendo os resultados da pesquisa para positivos (7). Na nossa meta-

análise, o uso de pedômetros e acelerômetros, reduziu o IMC e peso apenas nos 

estudos com curto tempo de “follow-up”. Da mesma forma, foi visto tanto na análise 

de sensibilidade por meta-regressão quanto nas análises de subgrupo uma relação 

inversa na redução da HbA1c com o tempo de acompanhamento. Como nosso ECR 

foi considerado longo (16 semanas), isso pode justificar a não diferença entre os 

grupos ao final do estudo. Talvez pela perda do efeito novidade ou pela força dos 

antigos hábitos, o estímulo ao exercício inicial gerado pelo pedômetro/acelerômetro 

se reduza a longo prazo. 

Quando adicionamos os dados do nosso ECR à meta-análise o efeito do uso 

de pedômetros/acelerômetros na HbA1c se mantém, reduzindo 0,20% (IC 95%,  -0,38 

a -0,03; I2 = 77%) (Figura 1).  

 

Figura 1. Forest Plot da meta-análise do efeito do uso de 

pedômetros/acelerômetros na HbA1c quando comparados ao controle. 

 
Os marcadores indicam as diferenças médias; linhas horizontais indicam intervalo de confiança de 95%; Losango 

indica a média combinada, com as pontas do losango indicando o intervalo de confiança de 95% das médias combinadas. A 

linha vertical indica o ponto em que não houve diferença entre a intervenção e os cuidados habituais (efeito nulo). 
 

O poder de reduzir os parâmetros glicêmicos, tanto de forma medicamentosa 

quanto por mudanças do estilo de vida, está relacionado com o valor basal do controle 
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glicêmico (8–11). No nosso ECR, os pacientes de forma geral, possuíam um bom 

controle glicêmico inicial para a idade (HbA1c média basal = 7,3 ± 1,1%) o que pode 

ter contribuído para a atenuação da diferença de efeitos ao final do estudo. Da mesma 

forma, ao realizar a média ponderada da HbA1c basal dos estudos incluídos na meta-

análise, o resultado mostra que os estudo em geral possuíam também pacientes com 

bom controle glicêmico inicial (média ponderada da HbA1c basal = 7,36%) e talvez 

por isso o impacto dos dispositivos na redução da glicemia não tenha sido tão 

relevante clinicamente. No entanto, foi realizada meta-regressão que não identificou 

a influência da HbA1c basal no impacto do uso de pedômetros/acelerômetros sobre o 

controle glicêmico. 

Seria simplista considerar o efeito de modificações de estilo de vida em um 

curto período de tempo (5 – 48 semanas) e almejar efeitos consistentes em 

parâmetros metabólicos, especialmente em pacientes com bom controle inicial. 

Entretanto, a melhora da dieta e da atividade física, inclui uma série de potenciais 

benefícios não avaliados em nossos estudos: melhora da saúde óssea e função 

cognitiva; redução do risco de câncer (cólon, mama, bexiga, endométrio, esôfago, rim, 

pulmão e estômago); redução do risco de ansiedade e depressão; melhora do sono e 

qualidade de vida; redução do risco de reganho de peso; melhora mobilidade, redução 

mortalidade (12–21).  

A dieta tem um impacto importante nos parâmetros metabólicos e pode ofuscar 

o efeito da atividade física leve quando ambos estão sendo avaliados (22–25). Na 

nossa meta-análise, isso pode ser evidenciado nas análises de subgrupos. Quando 

analisamos por estudos que receberam ou não orientações dietéticas, o subgrupo de 

estudos que não recebeu orientação dietética é o único que mantém com redução da 

HbA1c pelo uso de pedômetros/acelerômetros quando comparado com controle 

também sem dieta. Já no subgrupo de estudo com orientação dietética, o efeito dos 

dispositivos não é identificado. De modo similar, o ECR não demonstrou diferença nos 

parâmetros metabólicos e pressóricos dos pacientes independente da dieta. 

Recentemente, em estudo publicado (26), um grupo espanhol identificou uma 

redução de 26% nos desfechos cardiovasculares secundários através da dieta 

mediterrânea quando comparada com a dieta com baixo teor de gordura (“Low fat”) 

após 7 anos de acompanhamento. A diferença entre as duas intervenções aumentou 

com o passar dos anos de acompanhamento, sendo mais significativa a partir do 
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terceiro ano. Interessante que apesar de ambas dietas terem apresentado redução 

dos desfechos duros maior que o esperado, nenhuma apresentou mudança nos 

parâmetros lipídicos e glicêmicos durante o estudo. Dessa forma, podemos supor que 

assim como ocorre com as novas medicações para o tratamento do DM2 (27–32) os 

efeitos cardioprotetores das dietas vão além dos efeitos metabólicos analisados 

laboratorialmente (26,33–35). Levando a repensar a forma que avaliamos os 

resultados das intervenções de estilo de vida.  

Sendo assim, mais estudos são necessários para avaliar os efeitos das 

intervenções dietéticas além dos parâmetros metabólicos imediatos e para identificar 

a melhor forma de estimular atividade física de forma efetiva e a longo prazo para o 

auxílio no tratamento de pacientes com diabetes tipo 2 e em especial os com idade 

avançada.  
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