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a cross-sectional study
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Nutrition and Nephropathies Outpatient Clinic of the Professor Francisco de Magalhães Neto Outpatient Clinic – AMN, a member of the Hospital Universitário Professor 
Edgard Santos complex in Salvador, Salvador, Bahia, Brazil

INTRODUCTION
The global prevalence of chronic kidney disease (CKD) is 13.4% higher among women than 
men.1,2 This percentage is expected to rise in the coming decades worldwide due to increased 
longevity3 and comorbidities, which contribute to diseases such as type 2 diabetes mellitus 
(DM) and hypertension.4 Therefore, it is essential to comprehend the changes that can occur 
as the disease progresses, allowing prevention and proper intervention.5 Among these changes, 
obesity is related to worsening muscle strength and kidney functions6, particularly excessive 
abdominal fat.

The condition in which dynapenia, defined as low muscle strength, and abdominal obesity 
(AO) are present simultaneously is characterized as dynapenic abdominal obesity (DAO),7 which 
may be present in patients with CKD due to inflammation, oxidative stress, metabolic acidosis, 
and insulin resistance.8 DAO is considered more severe for health than the isolated occurrence 
of AO or low muscle strength. This condition can increase the risk of loss of functional capacity, 
falls, hospitalization, and morbidity and mortality.9-12

In patients with chronic diseases, DAO should be better studied in terms of prevalence and 
factors associated with it, especially in patients with pre-dialysis CKD. In hemodialysis patients, 
the prevalence of DAO is approximately 20%5 and is associated with high morbidity, especially 
cardiovascular disease (CVD) and increased mortality.13 Therefore, the early detection of DAO and 
identification of its associated factors are essential for managing CKD and avoiding undesirable 
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ABSTRACT
BACKGROUND: No study has reported about the prevalence and factors associated with dynapenic ab-
dominal obesity in patients with pre-dialysis chronic kidney disease (CKD).
OBJECTIVE: Evaluation of the prevalence of dynapenic abdominal obesity and its relationship with socio-
demographic, lifestyle, clinical, and nutritional variables in patients with CKD not dependent on dialysis.
DESIGN AND SETTING: A cross-sectional study was conducted at the Nutrition and Nephropathy Outpa-
tient Clinic (public service) in Bahia, Brazil.
METHODS: This cross-sectional study was conducted on 102 patients of both sexes, aged ≥  20 years. 
Dynapenic abdominal obesity (DAO) was defined as the simultaneous presence of dynapenia (hand-
grip strength less than the first tertile of the sample itself, according to sex and age) and increased waist 
circumference. Differences between groups with and without DAO were assessed using the Student’s 
Mann–Whitney t-test, Pearson’s chi-square test, or Fisher’s exact test. Associations were tested using bivari-
ate and multivariate models with Poisson regression to calculate the prevalence ratio and 95% confidence 
intervals (PR; 95% CI).
RESULTS: The mean age of the patients was 58.7 (standard deviation = 11.69); 50.5% were male, 51.6% 
were elderly, 41.8% had diabetes, 5.5% were smokers, 58.2% were abdominally obese, and 38.5% were dy-
napenic. DAO was identified in 18.7% of participants and was associated with diabetes mellitus (PR = 2.8; 
95% CI = 1.12-6.99) and smoking (PR = 3.22; 95% CI = 1.16-8.96).
CONCLUSION: Non-dialysis dependent patients with CKD showed a significant prevalence of DAO asso-
ciated with smoking and diabetes mellitus.
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clinical outcomes. Factors such as smoking, which can increase 
the inflammatory response triggered by cigarette use,14 and the 
presence of DM should be investigated in patients with CKD, as 
they trigger inflammation, oxidative stress, and insulin resistance.15 
In addition to these factors, physical inactivity, inadequate energy, 
protein intake, and other factors that can worsen clinical condi-
tions in CKD are crucial.

OBJECTIVE
This study aimed to assess the prevalence of DAO and its rela-
tionship with sociodemographic, lifestyle, clinical, and nutri-
tional variables in patients with non-dialysis dependent CKD.

METHODS
This cross-sectional study was conducted at the Nutrition and 
Nephropathies Outpatient Clinic of Professor Francisco de 
Magalhães Neto, a member of Professor Edgard Santos University 
Hospital Complex, Universidade Federal da Bahia (UFBA), 
Salvador, Brazil. The study was approved on September 24, 2012, 
by the Research Ethics Committee of Professor Edgard Santos 
Hospital Complex of the Federal University of Bahia (HUPES-
UFBA) (protocol number 104,761/12). Signed informed consent 
forms were obtained from all patients before data collection.

The study included (convenience sample) clinically stable out-
patients with CKD, with a glomerular filtration rate (GFR) between 
89 and 15 ml/min/1.73 m², aged > 20 years of both sexes.

Patients with hospital admission in the month before the begin-
ning of the study, limb amputation, active neoplasia, immuno-
logical diseases, dialysis or kidney transplantation history, use of 
immunosuppressive drugs, acute kidney injury, severe liver dis-
ease, and CKD on dialysis were not included in the current study.

DAO
DAO was defined as the coexistence of AO and dynapenia.16

AO was defined according to the waist circumference (WC) 
measured using an inelastic tape. This measurement was performed 
with the patient standing with the arms relaxed along the body. 
Thus, the tape was positioned at the midpoint between the iliac crest 
and the edge of the last rib, with the region free of clothing and the 
abdomen relaxed at the end of normal expiration.17 Measurements 
were taken in duplicate by the same evaluator, and the average 
between them was considered. The World Health Organization 
(WHO) does not differentiate WC by age group. Nevertheless, 
due to the lack of cutoff values for older adults, the WHO rec-
ommendation using the high-risk point (≥ 102 cm in men and 
≥ 88 cm in women) was considered. Furthermore, for adults, the 
AO consideration was ≥ 94 cm for men and ≥ 80 cm for women.18

Dynapenia was identified by measuring handgrip strength 
(HGS) using a dynamometer (Bulb Dynamometer®).19-21 

Patients were instructed to squeeze the dynamometer with max-
imum force in response to voice commands. The measurement 
was repeated three times, and the highest value was used for the 
study, according to the technique of Hillman et al.22 Dynapenia was 
considered when the HGS value was lower than the first tertile, 
according to sex and age.12,23,24 For adults, the following were con-
sidered low strength: females HGS < 11 kg, males HGS < 15 kg; 
in the elderly: females HGS < 10 kg and males HGS < 12.5 kg.

Factors associated with DAO 
Sociodemographic, lifestyle, clinical, and nutritional data were 
evaluated. Among the sociodemographic factors, sex, age, and 
educational level were evaluated. Education was categorized 
using the years of school attendance as 0–8, ≥ 9 years.10 Lifestyle-
related factors were physical activity, alcohol consumption, and 
smoking. Physical exercise was classified into two categories: 
none or regular, with regular exercise considered for those who 
performed it at least three times a week for a minimum of 30 min 
every day.25 Alcohol consumption was assessed by asking patients 
whether they drank alcohol or not. Smoking habits were assessed 
by self-reporting, and based on the responses, the participants 
were categorized as never smokers or smokers. 

For clinical factors, the presence of DM, duration of CKD, 
estimated glomerular filtration rate, use of statins, hemoglobin 
value, serum urea, and serum creatinine were evaluated. All bio-
chemical tests were performed according to routine follow-up by a 
nephrologist, and the hospital laboratory adopted reference values. 
Serum urea was measured using an enzymatic method, and serum 
creatinine was measured using a modified Jaffé method (1960).

The diagnosis of DM was defined according to the criteria 
established by the American Diabetes Association,26 with fast-
ing blood glucose ≥ 126 mg/dL, hemoglobin A1c ≥ 6.5%, ran-
dom plasma glucose ≥ 200 mg/dL or use of antidiabetic drugs or 
based on the history of DM previously diagnosed by the doctor. 
Data on the time since the diagnosis of CKD were collected from 
the medical records of the patients. GFR was calculated and esti-
mated based on serum creatinine from the proposed equation of 
the CKD Epidemiology Collaboration (CKD-EPI),27 and the CKD 
stage was classified using the Kidney Disease Improving Global 
Outcomes criteria.28

The nutritional factors assessed included body mass index 
(BMI), which was calculated by dividing weight by the square of 
height and continuously using the data. Body composition was eval-
uated using electrical bioimpedance measurements. Biochemical 
tests (serum dosage of total proteins and albumin-bromocresol 
green method) and food consumption (macronutrients and calcium 
and phosphorus consumption) were obtained from the collection 
of food records for 3 d (two weekdays and one weekend day) using 
Diet Pro version 5.0 (AS Sistemas, Viçosa, Minas Gerais, Brazil).
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From the tetrapolar electrical bioimpedance (BIA Biodynamics® 
P450 Bioimpedance Analyzer, Seattle, Washington, United 
States), the percentage of body fat and appendicular skeletal 
muscle mass (ASMM) were analyzed, as recommended by the 
(European Consensus on Definition and Diagnosis of Sarcopenia) 
(EWSOP2).18,29 The ASMM was obtained using the following equa-
tion: ASMM (Kg) = -3.964 + [0.227* (height²/resistance)] + (0.095* 
weight) + (1.384* sex) + (0.064* reactance), where height is in cm, 
sex information for male = 1 and female = 0, and resistance in 
ohms. Both were used as continuous variables.

Statistical analysis
Data were presented as mean and standard deviation (SD) or 
median and interquartile range for continuous variables and as 
frequency and prevalence for categorical variables. Data normal-
ity was tested using the Shapiro–Wilk test. The difference between 
the two groups (DAO and Non-DAO - NDAO) was determined 
using Student’s t-test or Mann–Whitney U test, according to the 
normality of the variable. Categorical variables were compared 
using Pearson’s chi-square or Fisher’s exact tests.

The association between DAO and its factors was verified using 
Poisson regression with robust variance by calculating the preva-
lence ratio (PR) and 95% confidence interval (95% CI).

First, bivariate regression models were performed, and the 
variables that presented a P value ≤ 0.20 were considered in the 
multivariate model. Only variables with a P value < 0.05 remained 
in the final model. All the statistical analyses were performed 
using SPSS version 20.0 (IBM, Armonk, New York, United States).

RESULTS
Of the 102 patients, 11 were excluded because they did not com-
plete all protocol steps, such as HGS, anthropometry, and bio-
chemical tests—the final sample comprised 91 patients.

The 91 patients who participated in this study had a mean age 
of 58.7 years (SD = 11.69); 49.5% were female, 51.6% were elderly, 
75.8% were sedentary, 5.5% were smokers, 41.8% had DM, 84.9% 
had stages 3 and 4 CKD, and 41.8% were taking statins (Table 1).

AO was present in 58.2% (n = 53) of the patients, dynapenia 
in 38.5% (n = 35), and DAO in 18.7% (n = 17) (Figure 1). Elderly 
females had a higher prevalence of DAO (Figure 2). Among patients 
without DAO, 24.3% (n = 18) had dynapenia, and 48.6% (n = 36) 
had AO. The mean HGS was 10.20 kg (SD = 1.86) in the DAO 
group and 13.34 kg (SD = 2.65) in the non-DAO group.

In the DAO group, the frequency of diabetic participants 
(P = 0.008) and those with a smoking habit (P = 0.043) was sig-
nificantly higher than that in the group without DAO. The mean 
time since CKD diagnosis was significantly shorter (P = 0.033) 
in participants with DAO than those without DAO (Table 1). 
Regarding the nutritional variables shown in Table 2, the most 
significant presence of adipose tissue was observed in the DAO 
group (P = 0.021). There were no significant differences in the 
other variables between the groups.

Bivariate and multivariate analyses of the association between 
the variables evaluated and the DAO are presented in Table 3. 
In the multivariate analysis, adjusted for age, sex, and duration of 
CKD, DAO was associated with DM (PR = 2.80 95% CI = 1.12-
6.99) and smoking (PR = 3.22; 95% CI= 1.16-8.96).

Table 1. Sociodemographic, lifestyle, and clinical variables of patients with non-dialysis-dependent chronic kidney disease according to 
dynapenic abdominal obesity, 2013

Variables
TOTAL

91 (100%)

Dynapenic Abdominal Obesity
P valuePresent

17 (18,7%)
Absent

74 (81,3%)
Women (n (%)) 45 (49.5) 12 (70.6) 33 (44.6) 0.053¹
Age (mean (SD)) 58.7 ±11.69 57.18 ±12.23 59.09 ±11.61 0.504³
Elderly (≥ 60 years) (n (%)) 47 (51.6) 08 (47.1) 39 (52.7) 0.675¹
Educational level (0 to 9 years old) (n (%)) 61 (67.0) 10 (58.8) 51 (68.9) 0.425¹
Sedentary lifestyle (n (%)) 69 75.8) 14 (82.4) 55 (74.3) 0.754²
Alcoholism (n (%)) 18 (19.8) 03 (17.6) 15 (20.3) 1.000²
Smoking (n (%)) 05 (05.5) 03 (17.6) 02 (02.7) 0.043²
Diabetes (n (%)) 38 (41,8) 12 (70.6) 26 (35.1) 0.008¹
CKD time (months) 36 (12-96) 15 (7-43) 38.5 (12-120) 0.0334

GFR (ml/min) 37.1 (23.2-52.4) 36.8 (23.8-44.4) 37.1 (23.1- 54.9*) 0.8854

CKD stages 3 and 4 (n (%)) 73 (84.9) 15 (88.2) 58 (84.1) 1.000 ²
Statin use (n (%)) 38 (41.8) 10 (58.8) 28 (37.8) 0.114 1

Urea (mg/dl) 67 (50-101.2) 78.5 (47.7-125.7) 64.0 (50-101.2) 0.6654

Creatinine (mg/dl) 1,7 (1.1-2.6) 1.7 (1.3-2.8) 1.7 (1.1-2.6) 0.8874

Hemoglobin (g/dl) 12.0 ±1.87 11.63 ±1.89 12.16 ±1.86 0.290 ³

¹ Chi-square test; ² Fisher’s exact test; ³Student’s t test; 4 Mann–Whitney test.
SD = standard deviation; CKD = chronic kidney disease; GFR = glomerular filtration rate.
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Figure 1. Prevalence of abdominal obesity, dynapenia, and dynapenic 
abdominal obesity in patients with non-dialysis-dependent chronic 
kidney disease, 2013.
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Figure 2. Prevalence of dynapenic abdominal obesity, according 
to sex and age, in patients with non-dialysis chronic kidney 
disease 2013.

Table 2. Nutritional variables of patients with non-dialysis-dependent chronic kidney disease according to dynapenic abdominal 
obesity, 2013 

Variables
TOTAL

91 (100%)

Dynapenic Abdominal Obesity
P valuePresent

17 (18,7%)
Absent

74 (81,3%)
BMI (kg/m²) 25.16 (21.34-29.3) 27.18 (24.6-30.7) 24.7 (21.17-28.68) 0.054 2

ASMM (Kg) 18.27 (15.06-21.67) 17.23 (15.62-20.10) 18.29 (15.0-22.4) 0.831 2

Adipose tissue 16.7 (12.7-21.6) 20.6 (15.8-27.8) 15.3 (12.7-20.6) 0.021 2

Total proteins (g/dL) 7.7 ±0.64 7.72 ±0.76 7.68 ±0.62 0.822 1

Albumin (g/dL) 4.3 (4.1-4.6) 4.3 (3.7-4.4) 4.3 (4.1-4.6) 0.465 2

Daily energy intake (Kcal/day) 1664 (1315.5-2065.3) 1672.3 (1210-2190) 1650.3 (1315-2009) 0.968 2

Daily energy intake (Kcal/Kg) 25.0 (19.9-34.2) 25 (16.5-33.8) 25 (20.1-34.3) 0.481 2

Daily protein intake (g/day) 71.36 (60.26-101.5) 84.4 (59.0-101.3) 70.6 (60.7-101.5) 0.708 2

Daily protein intake (g/kg) 1.2 (0.9-1.6) 1.1 (0.7-1.7) 1.2 (0.9-1.6) 0.628 2

Carbohydrates (g/day) 238.9 (182.1-301.8) 217.0 (173-306.2) 242.1 (183.9-301.8) 0.768 2

Carbohydrates (%) 57.9 ±7.94 57.4 ±8.07 57.99 ±7.96 0.815 1

Lipids (g) 35.6 (30.0-50.1) 35.5 (32.8-48.1) 35.6 (28.8-50.1) 0.786 2

Lipids (%) 19.9 (17.1-25.2) 19.5 (15.8-26.2) 19.9 (17.2-24.5) 0.768 2

Calcium consumption (mg) 584.9 (402.3-744.9) 733 (408.8-801.8) 572 (402.3-734.3) 0.280 2

Phosphorus consumption (mg) 1085.5 (838.6-1456.2) 1099.6 (839.5-1238.3) 1041.0 (838.6-1473.3) 0.977 2

¹ Mean and standard deviation, Student’s t-test; ²Median and interquartile range, Mann–Whitney test.
BMI = body mass index; ASMM = appendicular skeletal muscle mass.

DISCUSSION
The main findings of our study showed that the prevalence of 
DAO among patients with non-dialysis-dependent CKD is 
important. The prevalence was 3.2 times higher in smokers and 
2.8 times higher in patients with DM.

In the present study, dynapenia showed high prevalence along 
with AO. A study by Alexandre et al.9 identified that dynapenia 
was evident in patients with increased WC.9 Muscle function may 
constitute a better prognostic factor for predicting mortality when 
compared to muscle mass in patients with AO.30 For this reason, 
due to its unfavorable results, investigating dynapenia is gaining 
importance in the academic community.9 Furthermore, a previ-
ous study reported that obesity is an independent risk factor for 
low muscle strength.31 Besides, AO has a more significant negative 
impact on metabolic abnormalities than general obesity.32

To the best of our knowledge, no previous study has investigated 
DAO in patients with non-dialysis-dependent CKD. In a cohort 
that followed older adults with DAO without CKD for 10 years, 
worsening of disability and mortality was observed compared to 
participants with low muscle strength or excess abdominal fat 
alone.16 In the literature research, we did not find any study on 
the prevalence of DAO in non-dialysis dependent CKD patients 
to compare with the results of our study. However, some studies 
have evaluated the prevalence of DAO during dialysis.

In a study by Tabibi et al.,33 who evaluated patients on peri-
toneal dialysis, a prevalence of 11.4% for dynapenic obesity 
and 31.6% for dynapenia was reported. These prevalence rates 
were lower than those reported in the present study in patients 
with non-dialysis dependent CKD. It is worth noting that in the 
above study, obesity was assessed by BMI, not by AO, as in the 
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present study. Furthermore, dynapenia was assessed consider-
ing the cutoff points proposed by the Asian Working Group for 
Sarcopenia (AWGS).34 A study by Corrêa et al.,5 in older adults 
undergoing hemodialysis, identified a prevalence of 15.8% for 
AO, 25.9% for dynapenia, and 19.8% for DAO. These authors 
also evaluated AO by considering the WC cutoff points pro-
posed by the WHO.

Considering the physiological changes during aging, such as 
the redistribution of body fat, the same cut-off points proposed 
for adults in elderly patients may be inappropriate. Therefore, this 
study defined AO based on WC categorized according to two dif-
ferent cutoff points.18

Dynapenia was assessed based on HGS tertiles. In a Brazilian 
study with older adults undergoing hemodialysis in the mainte-
nance phase, the lowest tertile of male and female patients was 
considered dynapenic when HGS was ≤ 18 kg.5 Therefore, the 
HGS tertile was lower in the elderly in the present study (female 
HGS < 10 kg and male HGS < 12.5 kg). Contrastingly, we found 
a slightly higher prevalence of DAO; however, we used the refer-
ence of the population for dynapenia with values previously rec-
ommended for WC.

In our study, there were no significant differences in the prev-
alence of DAO between males and females or between adults and 
older people. Although a higher prevalence of dynapenic obesity 
is expected among older adults, it has been shown that this con-
dition can develop in younger adults with catabolic diseases, such 

as CKD.35 This is clinically relevant because in patients with CKD, 
factors such as inflammation, oxidative stress, metabolic acidosis, 
decreased testosterone secretion, insulin resistance, growth hor-
mone resistance, inadequate energy and protein intake, vitamin D 
deficiency, physical inactivity, increased protein catabolism, and 
dynapenia occur regardless of age.8

Currently, muscle strength (MS) is the most reliable mea-
sure of muscle function. The MS moderately correlates with 
strength in other body segments, so measuring grip strength 
can identify low muscle strength.19 A EWSOP2 report recom-
mends values to consider the reduced handgrip strength (for 
men below 27 kg and women below 16 kg). However, in the 
current study, we chose to consider low strength and handgrip 
strength values lower than the first tertile of the sample itself, 
according to age and sex, because the cutoff points proposed by 
the EWSOP2 are not specific to the Brazilian population and 
CKD. Notably, other authors defined dynapenia as the lowest 
tertile of the sample itself.12,13,23,24

The time of CKD diagnosis was significantly shorter in the 
DAO group. This can be explained by the shorter duration of nutri-
tional follow-up in the outpatient clinic. It has been observed that 
patients with CKD for a long time are under nutritional monitoring 
for a longer time, which positively affects their nutritional status.

Toxic chemicals present in cigarettes may explain the high 
prevalence of DAO in smokers. Smoking can increase inflamma-
tory marker levels, reduce oxygen supply, and impair mitochon-
drial function. Moreover, chronic cigarette use appears to induce 
loss of muscle mass and dynapenia.36,37

However, the mechanisms underlying the harmful effects of 
obesity on muscle function have not been elucidated. Despite this, 
the accumulation of muscle fat and some metabolic abnormalities, 
such as increased oxidative stress, insulin resistance, and inflam-
mation, have been identified as determinants,38 and oxidative stress 
induced by cigarette substances aggravate DAO.

It is also believed that, in this group, the longer time since 
DM diagnosis or chronic hyperglycemia may have contributed 
to the increased prevalence of DM. Accumulation of advanced 
glycation end products (AGEs), which cause diabetic vascular 
complications through oxidative stress and chronic inflamma-
tion, appears to contribute to reduced muscle strength in patients 
with DM.39,40

This effect on dynapenia in hyperglycemia induced by DM in 
patients with central obesity further facilitates muscle atrophy and 
loss of strength. This situation occurs because of the increase in the 
accelerated formation of AGEs, accentuated oxidative stress, and 
change to type I muscle fibers, which are less potent than type II.38

Both dynapenia and AO can cause metabolic changes. 
Therefore, it is necessary to hypothesize that people with both 
conditions would present an even more altered metabolic profile 

Table 3. Prevalence ratio between dynapenic abdominal 
obesity and demographic, lifestyle, clinical, and nutritional 
variables, 2013
Variables Bivariate PR (95% CI) Multivariate PR (95% CI)*
Age group

-Adult 1.00
Elderly 0.83 (0.35 -1.96)

Sex
-Male 1.00

Female 2.45 (0.94 -6.40)
Smoking

No 1.00 1.00
Yes 3.69 (1.56 -8.72) 3.22 (1.16-8.96)

Statin use
-No 1.00

Yes 1.99 (0.83- 4.76)
Presence of Diabetes Mellitus

No 1.00 1.00
Yes 3.35 (1.30 – 8.71) 2.80 (1.12 -6.99)
CKD time 0.99 (0.98;1.00) -
Body mass index 1.09 (1.01;1.17) -
Adipose tissue 1.08 (1.03;1.14) -

*Regression models are adjusted for age, sex, and CKD duration.
PR = prevalence ratio; CI = confidence interval; CKD = chronic kidney disease.
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than those with only one condition.41 Furthermore, as muscle 
strength decreases faster than muscle mass, DAO occurs earlier 
than sarcopenic obesity (SO), so early detection of DAO in the 
early stages can prevent SO.8

Thus, screening for dynapenia and AO in clinical practice would 
be helpful in healthcare settings, easy to perform, and inexpensive. 
This will contribute to the development of clinical intervention 
policies to prevent loss of muscle strength and AO in patients with 
CKD who are not undergoing dialysis. Moreover, it improves the 
morbidity, mortality, and quality of life of these patients.

The strengths of this study include the assessment of a popula-
tion with stable CKD that was not dependent on dialysis, the use of 
standardized techniques, and a team of trained nutritionists for data 
collection. Moreover, due to the absence of specific cutoff points for 
the study population, WC and HGS were evaluated considering val-
ues from the sample itself according to sex and age. However, our 
study had some limitations, such as a small sample size, which may 
have contributed to the absence of other associations with the DAO.

CONCLUSION
The prevalence of DAO in non-dialysis dependent patients was 
essential and associated with smoking and DM. The assessment of 
DAO should be investigated in nutritional monitoring and future 
research, especially in patients with non-dialysis dependent CKD.

Identifying the combination of central fat distribution and 
reduced muscle strength in patients with CKD may help delay future 
clinical complications in this population and improve quality of 
life. In these patients, individuals associated with DM and smok-
ing were more likely to develop this combination. Therefore, suit-
able glycemic control and smoking cessation may be beneficial in 
preventing and avoiding the progression of DAO in these patients.

REFERENCES
1.	 Ke C, Liang J, Liu M, Liu S, Wang C. Burden of chronic kidney disease and 

its risk-attributable burden in 137 low-and middle-income countries, 

1990–2019: results from the global burden of disease study 2019. 

BMC Nephrol. 2022;23(1):17. PMID: 34986789; https://doi.org/10.1186/

s12882-021-02597-3.

2.	 Lv JC, Zhang LX. Prevalence and Disease Burden of Chronic Kidney 

Disease. Adv Exp Med Biol. 2019;1165:3-15. PMID: 31399958; https://

doi.org/10.1007/978-981-13-8871-2_1.

3.	 Xiao J, Caan BJ, Weltzien E, et al. Associations of pre-existing co-

morbidities with skeletal muscle mass and radiodensity in patients 

with non-metastatic colorectal cancer. J Cachexia Sarcopenia Muscle. 

2018;9(4):654-63. PMID: 29675984; https://doi.org/10.1002/jcsm.12301.

4.	 Evans M, Lewis RD, Morgan AR, et al. A Narrative Review of Chronic 

Kidney Disease in Clinical Practice: Current Challenges and Future 

Perspectives. Adv Ther. 2021;39(1):33-43. PMID: 34739697; https://doi.

org/10.1007/s12325-021-01927-z.

5.	 Corrêa HL, Rosa TDS, Dutra MT, et al. Association between dynapenic 

abdominal obesity and inflammatory profile in diabetic older 

community-dwelling patients with end-stage renal disease. Exp 

Gerontol. 2021;146:111243. PMID: 33460716; https://doi.org/10.1016/j.

exger.2021.111243.

6.	 Souza VA, Oliveira D, Barbosa SR, et al. Sarcopenia in patients with 

chronic kidney disease not yet on dialysis: Analysis of the prevalence 

and associated factors. PLoS One. 2017;12(4):e0176230. PMID: 28448584; 

https://doi.org/10.1371/journal.pone.0176230.

7.	 Máximo RO, Santos JLF, Perracini MR, et al. Abdominal obesity, dynapenia 

and dynapenic-abdominal obesity as factors associated with falls. 

Braz J Phys Ther. 2019;23(6):497-505. PMID: 30391361; https://doi.

org/10.1016/j.bjpt.2018.10.009.

8.	 Clark BC, Manini TM. What is dynapenia? Nutrition. 2012;28(5):495-503. 

PMID: 22469110; https://doi.org/10.1016/j.nut.2011.12.002.

9.	 Alexandre TDS, Scholes S, Ferreira Santos JL, Duarte YAO, de Oliveira C. 

The combination of dynapenia and abdominal obesity as a risk factor 

for worse trajectories of IADL disability among older adults. Clin Nutr. 

2018;37(6 Pt A):2045-53. PMID: 29033231; https://doi.org/10.1016/j.

clnu.2017.09.018.

10.	 Instituto Brasileiro de Geografia e Estatística. Indicadores IBGE - Pesquisa 

Nacional por Amostra de Domicílios Contínua Quarto Trimestre de 

2019. Rio de Janeiro: IBGE, 2019. Available from: https://biblioteca.

ibge.gov.br/index.php/biblioteca-catalogo?view=detalhes&id=72421. 

Accessed in 2023 (Nov. 22).

11.	 Montes MC, Bortolotto CC, Tomasi E, et al. Strength and multimorbidity 

among community-dwelling elderly from southern Brazil. Nutrition. 

2020;71:110636. PMID: 31877451; https://doi.org/10.1016/j.nut.2019.110636.

12.	 Rossi AP, Bianchi L, Volpato S, et al. Dynapenic Abdominal Obesity as a Predictor 

of Worsening Disability, Hospitalization, and Mortality in Older Adults: Results 

From the InCHIANTI Study. J Gerontol A Biol Sci Med Sci. 2017;72(8):1098-104. 

PMID: 28329134; https://doi.org/10.1093/gerona/glw203.

13.	 Sénéchal M, Dionne IJ, Brochu M. Dynapenic abdominal obesity 

and metabolic risk factors in adults 50 years of age and older. J 

Aging Health. 2012;24(5):812-26. PMID: 22451528; https://doi.

org/10.1177/0898264312440324.

14.	 Rom O, Kaisari S, Aizenbud D, Reznick AZ. Identification of possible 

cigarette smoke constituents responsible for muscle catabolism. J 

Muscle Res Cell Motil. 2012;33(3-4):199-208. PMID: 22614737; https://

doi.org/10.1007/s10974-012-9299-4.

15.	 Stenvinkel P, Carrero JJ, von Walden F, Ikizler TA, Nader GA. Muscle 

wasting in end-stage renal disease promulgates premature death: 

established, emerging and potential novel treatment strategies. 

Nephrol Dial Transplant. 2016;31(7):1070-7. PMID: 25910496; https://

doi.org/10.1093/ndt/gfv122.

16.	 Rossi AP, Fantin F, Caliari C, et al. Dynapenic abdominal obesity as 

predictor of mortality and disability worsening in older adults: A 10-

year prospective study. Clin Nutr. 2016;35(1):199-204. PMID: 25736030; 

https://doi.org/10.1016/j.clnu.2015.02.005.

https://doi.org/10.1186/s12882-021-02597-3
https://doi.org/10.1186/s12882-021-02597-3
https://doi.org/10.1007/978-981-13-8871-2_1
https://doi.org/10.1007/978-981-13-8871-2_1
https://doi.org/10.1002/jcsm.12301
https://doi.org/10.1007/s12325-021-01927-z
https://doi.org/10.1007/s12325-021-01927-z
https://doi.org/10.1016/j.exger.2021.111243
https://doi.org/10.1016/j.exger.2021.111243
https://doi.org/10.1371/journal.pone.0176230
https://doi.org/10.1016/j.bjpt.2018.10.009
https://doi.org/10.1016/j.bjpt.2018.10.009
https://doi.org/10.1016/j.nut.2011.12.002
https://doi.org/10.1016/j.clnu.2017.09.018
https://doi.org/10.1016/j.clnu.2017.09.018
https://biblioteca.ibge.gov.br/index.php/biblioteca-catalogo?view=detalhes&id=72421
https://biblioteca.ibge.gov.br/index.php/biblioteca-catalogo?view=detalhes&id=72421
https://doi.org/10.1016/j.nut.2019.110636
https://doi.org/10.1093/gerona/glw203
https://doi.org/10.1177/0898264312440324
https://doi.org/10.1177/0898264312440324
https://doi.org/10.1007/s10974-012-9299-4
https://doi.org/10.1007/s10974-012-9299-4
https://doi.org/10.1093/ndt/gfv122
https://doi.org/10.1093/ndt/gfv122
https://doi.org/10.1016/j.clnu.2015.02.005


Diabetes and smoking are associated with dynapenic abdominal obesity in patients with chronic kidney disease: a cross-sectional study | ORIGINAL ARTICLE

Sao Paulo Med J. 2025;143(3):e2023232     7

17.	 Lohman TG, Roche AF, Martorell R. Anthropometric Standardization 

Reference Manual. Champaign: Human Kinetics Books; 1988.

18.	 World Health Organization. Preventing and managing the global 

epidemic: report of a WHO consultation on obesity. Geneva: WHO; 

1997. Available from: https://iris.paho.org/handle/10665.2/43000. 

Accessed in 2023 (Nov. 22).

19.	 Cruz-Jentoft AJ, Bahat G, Bauer J, et al. Sarcopenia: revised European 

consensus on definition and diagnosis. Age Ageing. 2019;48(1):16-31. 

PMID: 30312372; https://doi.org/10.1093/ageing/afy169.

20.	 Lauretani F, Russo CR, Bandinelli S, et al. Age-associated changes in 

skeletal muscles and their effect on mobility: an operational diagnosis 

of sarcopenia. J Appl Physiol. 2003;95(5):1851-60. PMID: 14555665; 

https://doi.org/10.1152/japplphysiol.00246.2003.

21.	 Santana GT, Fortes AF, Hilario CDC, Barreto MJ, Lima GSMH. 

Associação da força de preensão palmar com indicadores clínicos e 

nutricionais em pacientes com doença renal crônica em tratamento 

não dialítico. Nutr Clin Diet Hosp. 2019;39(2):73-9. https://doi.

org/10.12873/392gomes.

22.	 Hillman T, Nunes Q, Hornby S, et al. A practical posture for hand grip 

dynamometry in the clinical setting. Clin Nutr. 2005;24(2):224-8. PMID: 

15784482; https://doi.org/10.1016/j.clnu.2004.09.013.

23.	 Scott D, Sanders KM, Aitken D, et al. Sarcopenic obesity and dynapenic 

obesity: 5-year associations with falls risk in middle-aged and older 

adults. Obesity. 2014;22(6):1568-74. PMID: 24585708; https://doi.

org/10.1002/oby.20734.

24.	 Yang M, Jiang J, Hao Q, Luo L, Dong B. Dynapenic obesity and lower 

extremity function in elderly adults. J Am Med Dir Assoc. 2015;16(1):31-

6. PMID: 25227695; https://doi.org/10.1016/j.jamda.2014.06.019. 

25.	 Jakicic JM, Clark K, Coleman E, et al. American College of Sports 

Medicine position stand. Appropriate intervention strategies for 

weight loss and prevention of weight regain for adults. Med Sci 

Sports Exerc. 2001;33(12):2145-56. PMID: 11740312; https://doi.

org/10.1097/00005768-200112000-00026. 

26.	 American Diabetes Association. 2. Classification and diagnosis of 

diabetes: Standards of medical care in diabetes—2020. Diabetes 

Care. 2019;43(Suppl  1):S14-31. PMID: 31862745; https://doi.

org/10.2337/dc20-s002.

27.	 Florkowski CM, Chew-Harris JS. Methods of Estimating GFR – Different 

Equations Including CKD-EPI. Clin Biochem Rev. 2011;32(2):75-9. 

PMID: 21611080.

28.	 Andrassy KM. Comments on ‘KDIGO 2012 clinical practice 

guideline for the evaluation and management of chronic kidney 

disease’. Kidney Int. 2013;84(3):622-3. PMID: 23989362; https://doi.

org/10.1038/ki.2013.243.

29.	 Sergi G, De Rui M, Stubbs B, Veronese N, Manzato E. Measurement 

of lean body mass using bioelectrical impedance analysis: 

a consideration of the pros and cons. Aging Clin Exp Res. 

2017;29(4):591-7. PMID: 27568020; https://doi.org/10.1007/s40520-

016-0622-6.

30.	 Souweine JS, Pasquier G, Kuster N, et al. Dynapaenia and sarcopaenia 

in chronic haemodialysis patients: do muscle weakness and 

atrophy similarly influence poor outcome? Nephrol Dial Transplant. 

2021;36(10):1908-18. PMID: 33306128; https://doi.org/10.1093/ndt/

gfaa353.

31.	 Valenzuela PL, Maffiuletti NA, Tringali G, De Col A, Sartorio A. Obesity-

associated poor muscle quality: prevalence and association with age, 

sex, and body mass index. BMC Musculoskelet Disord. 2020;21(1):200. 

PMID: 32234006; https://doi.org/10.1186/s12891-020-03228-y.

32.	 Janssen I, Katzmarzyk PT, Ross R. Waist circumference and not 

body mass index explains obesity-related health risk. Am J Clin 

Nutr. 2004;79(3):379-84. PMID: 14985210; https://doi.org/10.1093/

ajcn/79.3.379. 

33.	 Tabibi H, As’habi A, Najafi I, Hedayati M. Prevalence of dynapenic 

obesity and sarcopenic obesity and their associations with 

cardiovascular disease risk factors in peritoneal dialysis patients. 

Kidney Res Clin Pract. 2018;37(4):404-13. PMID: 30619696; https://

doi.org/10.23876/j.krcp.18.0064.

34.	 Chen LK, Woo J, Assantachai P, et al. Asian Working Group for 

Sarcopenia: 2019 Consensus Update on Sarcopenia Diagnosis 

and Treatment. J Am Med Dir Assoc. 2020;21(3):300-7.e2. PMID: 

32033882; https://doi.org/10.1016/j.jamda.2019.12.012.

35.	 Androga L, Sharma D, Amodu A, Abramowitz MK. Sarcopenia, 

obesity, and mortality in US adults with and without chronic kidney 

disease. Kidney Int Rep. 2017;2(2):201-11. PMID: 28439567; https://

doi.org/10.1016/j.ekir.2016.10.008.

36.	 Degens H, Gayan-Ramirez G, van Hees HW. Smoking-induced skeletal 

muscle dysfunction: from evidence to mechanisms. Am J Respir 

Crit Care Med. 2015;191(6):620-5. PMID: 25581779; https://doi.

org/10.1164/rccm.201410-1830pp.

37.	 Gale CR, Baylis D, Cooper C, Sayer AA. Inflammatory markers and 

incident frailty in men and women: the English Longitudinal Study 

of Ageing. Age. 2013;35(6):2493-501. PMID: 23543263; https://doi.

org/10.1007/s11357-013-9528-9.

38.	 Barazzoni R, Bischoff S, Boirie Y, et al. Sarcopenic Obesity: Time to 

Meet the Challenge. Obes Facts. 2018;11(4):294-305. PMID: 30016792; 

https://doi.org/10.1159/000490361.

39.	 Kalyani RR, Metter EJ, Egan J, Golden SH, Ferrucci L. hyperglycemia 

predicts persistently lower muscle strength with aging. Diabetes 

Care. 2015;38(1):82-90. PMID: 25392294; https://doi.org/10.2337/

dc14-1166.

40.	 Mori H, Kuroda A, Ishizu M, et al. Association of accumulated advanced 

glycation end-products with a high prevalence of sarcopenia and 

dynapenia in patients with type 2 diabetes. J Diabetes Investig. 

2019;10(5):1332-40. PMID: 30677242; https://doi.org/10.1111/

jdi.13014.

41.	 Tallis J, James RS, Seebacher F. The effects of obesity on skeletal 

muscle contractile function. J Exp Biol. 2018;221(13):jeb163840. 

PMID: 29980597; https://doi.org/10.1242/jeb.163840.

https://iris.paho.org/handle/10665.2/43000
https://doi.org/10.1093/ageing/afy169
https://doi.org/10.1152/japplphysiol.00246.2003
https://doi.org/10.12873/392gomes
https://doi.org/10.12873/392gomes
https://doi.org/10.1016/j.clnu.2004.09.013
https://doi.org/10.1002/oby.20734
https://doi.org/10.1002/oby.20734
https://doi.org/10.1016/j.jamda.2014.06.019
https://doi.org/10.1097/00005768-200112000-00026
https://doi.org/10.1097/00005768-200112000-00026
https://doi.org/10.2337/dc20-s002
https://doi.org/10.2337/dc20-s002
https://doi.org/10.1038/ki.2013.243
https://doi.org/10.1038/ki.2013.243
https://doi.org/10.1007/s40520-016-0622-6
https://doi.org/10.1007/s40520-016-0622-6
https://doi.org/10.1093/ndt/gfaa353
https://doi.org/10.1093/ndt/gfaa353
https://doi.org/10.1186/s12891-020-03228-y
https://doi.org/10.1093/ajcn/79.3.379
https://doi.org/10.1093/ajcn/79.3.379
https://doi.org/10.23876/j.krcp.18.0064
https://doi.org/10.23876/j.krcp.18.0064
https://doi.org/10.1016/j.jamda.2019.12.012
https://doi.org/10.1016/j.ekir.2016.10.008
https://doi.org/10.1016/j.ekir.2016.10.008
https://doi.org/10.1164/rccm.201410-1830pp
https://doi.org/10.1164/rccm.201410-1830pp
https://doi.org/10.1007/s11357-013-9528-9
https://doi.org/10.1007/s11357-013-9528-9
https://doi.org/10.1159/000490361
https://doi.org/10.2337/dc14-1166
https://doi.org/10.2337/dc14-1166
https://doi.org/10.1111/jdi.13014
https://doi.org/10.1111/jdi.13014
https://doi.org/10.1242/jeb.163840


ORIGINAL ARTICLE | Menezes-Almeida AF, Conceição-Machado MEP, Gusmão MHL, Ramos LB, Nascimento TVN, Amaral MTR, Barreto-Medeiros JM

8     Sao Paulo Med J. 2025;143(3):e2023232

Authors’ contributions: Menezes AFA: conceptualization (equal), 

data curation (equal), formal analysis (equal), investigation 

(equal),methodology (equal), validation (equal), visualization (equal), 

writing – original draft (equal), writing – review and editing (equal); 

Conceição-Machado MEP: formal analysis (equal), methodology (equal), 

writing – original draft (equal), writing – review and editing (equal); 

Gusmão MHL: investigation (equal), methodology (equal), project 

administration (equal), writing – original draft (equal), writing – review 

and editing (equal); Ramos LB: methodology (equal), writing – original 

draft (equal), writing – review and editing (equal); Nascimento TVN: 

investigation (equal), methodology (equal), writing – review and editing 

(equal); Amaral MTR: data curation (equal), formal analysis (equal); 

Barreto-Medeiros JM: conceptualization (equal), investigation (equal), 

methodology (equal), project administration (equal), supervision (equal), 

validation (equal), visualization (equal), writing – original draft (equal), 

writing – review and editing (equal). All the authors participated in the 

review and approval of the final version of the manuscript

Acknowledgments

We thank the laboratory of Professor Edgard Santos University Hospital

Sources of funding: This study was supported by the Coordenação de 

Aperfeiçoamento Pessoal de Nível Superior-Brazil (CAPES), Finance Code 001

Conflicts of interest: None

Date of first submission: October 2, 2023

Last received: July 7, 2024

Accepted: October 21, 2024

Address for correspondence:

Alessandra Fortes Almeida Menezes

Escola de Nutrição, Universidade Federal da Bahia (UFBA)

Av. Araújo Pinho

Canela — Salvador (BA) — Brasil

CEP: 40110-090

Tel.: (+55 71) 9 9378-6000

E-mail: fortes.alessandra@gmail.com

Editor responsible for the evaluation:

Paulo Manuel Pêgo Fernandes MD, PhD

© 2025 by Associação Paulista de Medicina  
This is an open access article distributed under the terms of the Creative Commons license.

mailto:fortes.alessandra@gmail.com

