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Introduction: During pregnancy, women experience metabolic changes that may induce insulin resistance, which 
can be traced to the blood glucose levels A number of factors may intervene in the metabolism of glucose in 
pregnant women; one of them is body composition. This factor is useful for studying metabolic diseases, for 
which the identification of the fat mass/muscle mass index (FMMMI) considered an especially relevant factor. 
Owing to their nature, techniques such as bioimpedance have been sparsely used for analysis during pregnancy. 
Aim: This study aimed to identify the relationship between fat mass / muscle mass index and glucose metabolism 
in pregnant women. 
Methods: This descriptive cross-sectional study included 231 women between the ages of 18 and 35 years and 
24–28 weeks of gestation, who attended a state hospital for regular check-ups and exhibited risk factors for the 
development of gestational diabetes (GD) according to the Current Practice Guidelines in Primary Care. The 
participants underwent a physical examination, anthropometric measurements bio impedance were obtained, 
and oral glucose tolerance curves were constructed. FMMMI was calculated. 
Results: The prevalence of gestational diabetes was observed to be 13.4%. Women with a GD diagnosis had a 
significantly higher FMMMI than in those with no GD (0.746 ± 0.168 vs 0.567 ± 0.167;p < 0.005). The 
assessment of the FMMMI tertiles revealed that GD prevalence was higher in tertile 3 than in tertiles 1 and 2 
(tertile 1: 2.6%; tertile 2: 9.1%; tertile 3: 24%). 
Conclusion: FMMMI is associated with glucose tolerance test response in pregnant women and a higher preva-
lence of GD.   

1. Introduction 

Gestational diabetes (GD) is associated with insulin resistance that 
occurs during pregnancy. Factors related to insulin resistance, such as 
overweight or obesity, family history of type 2 diabetes mellitus, and 
high-risk ethnicity (Hispanic, African, native American, Asian, Pacific 
islander, indigenous Australian), can significantly increase the incidence 
of GD [1–4]. 

The oral glucose tolerance test (OGTT) allows the diagnosis of GD 
and is recommended between 24 and 28 weeks of gestation [5,6]. In 
recent years, the prevalence of GD has increased owing to the 

aggravation of triggering factors such as overweight and obesity [7]. 
Non-invasive complementary techniques such as body composition 
measurements have been used to identify at-risk women such as skinfold 
thickness, bioelectrical impedance BMI, healthy weight gain, fat mass, 
fat free mass, among others [8–11]. Body composition and the amount 
of lean mass may be involved in the development of GD, newborn health 
[12,13], and breast milk quality [14,15]. Moreover, decreased muscle 
mass is associated with an increased risk of insulin resistance and car-
diovascular disease [16,17]. Although the relationship between muscle 
and fat mass has not been thoroughly studied in pregnant patients, 
previous studies have described the use of bioimpedance during 
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pregnancy and its usefulness in identifying glucose disorders [18,19]. 
This study aimed to identify the relationship between fat mass/ 

muscle mass index (FMMMI) and glucose metabolism in pregnant 
women at risk of GD development. 

2. Materials and methods 

2.1. Study design and population 

This was a descriptive cross-sectional study. The study included 
women aged between 18–40 years and between the 24th–28th week of 
gestation with any risk factors for the development of GD and who 
agreed to participate in this project [21]. 

Women with a history of smoking or alcoholism, known type 2 
diabetes mellitus, cancer, autoimmune diseases, or consumption of 
glucose metabolism-modifying drugs such as steroids were excluded. 

2.2. Procedures 

All participants were asked to visit the hospital for evaluation. 
Medical history and personal data were recorded, and anthropometric 
and physical examinations were performed. Weight, fat mass, and 
muscle mass were measured using electrical bioimpedance (Tanita BC- 
533, Tokyo, Japan); the subjects were measured in underwear, stand-
ing barefoot on toe and heel electrodes with arms hanging down a few 
centimetres from the hip, according to manufacturer recommendations. 
The FMMMI was obtained for each patient [15,16]. The height was 
measured using a stadiometer (Seca, Serial No. 57001). To measure 
blood pressure, a calibrated manual sphygmomanometer and a stetho-
scope were used. 

2.2.1. Diagnostic criteria for gestational diabetes 
Three hundred millilitres of liquid containing 75 g of glucose was 

offered to the participants within 5 min after the first blood sample was 
taken on an empty stomach; two other blood samples were taken 1 and 
2 h after taking glucose. 

GD was defined following the American Diabetes Association (ADA) 
criteria, which considers cut-off values as those exceeding one of the 
following points: fasting glucose level as 5.1 mmol/L (92 mg/dL), 10.0 
mmol/L (180 mg/dL) at 1 h, and 8.5 mmol/L (153 mg/dL) at 2 h [22]. 

The serum glucose concentration was determined using the glucose 
oxidase method (Randox reagents, Vitalab Selectra E, Vital Scientific). 
The area under the curve was calculated using the trapezoid rule [23]. 

2.3. Ethical considerations 

The study was conducted in accordance with the Declaration of 
Helsinki [20], and informed consent was obtained from all participants. 
This research was approved by the Research Committee and Ethics 
Research Committee of "Mónica Pretelini Saénz" Maternal Perinatal 
Hospital (2017–06-529). 

2.4. Statistical analysis 

The results were analysed with SPSS V. 22 software (International 
Business Machines Corporation, New York: USA), considering a statis-
tical significance of p values ≤ 0.05. Quantitative variables are 
expressed as average – standard deviation (SD), and prevalence as a 
percentage. The distribution of variables was determined using the 
Kolmogorov-Smirnov test. For the comparison of quantitative variables, 
the Mann-Whitney u-test or t-test was used according to the distribution. 
A one-way analysis of variance was used to compare more than two 
groups. The difference between the prevalence values was determined 
using the chi-square test. 

3. Results 

The study included 231 pregnant women, 30 of whom were diag-
nosed with GD, according to the ADA criteria. The prevalence was 
observed to be 13.4%. During the evaluation of overall characteristics 
based on a positive diagnosis of GD, statistically significant differences 
were found between women with GD and healthy women in terms of 
weight (p = 0.001) and other markers like fat mass (p = 0.001), fat mass 
percentage (p = 0.001)and muscle mass (p = 0.001) (Table 1). 

When analysing FMMMI, patients with a positive GD diagnosis had a 
significantly higher value than in with healthy individuals (0.746 ±
0.168 vs. 0.567 ± 0.167; p < 0.05) (Fig. 1). To assess the impact of body 
composition on GD prevalence, the population was divided into tertiles 
according to the FMMMI; GD prevalence was found to be different 
depending on the tertile, with much higher values in tertile 3 (tertile 1, 
2.6%; tertile 2, 9.1%; tertile 3, 24.6%) (p < 0.05). In the assessment of 
the response to the oral glucose tolerance curve in the total population, a 
larger area under the curve was observed in patients in the highest 
FMMMI tertile (Fig. 2). The same assessment in healthy patients pro-
duced similar results for the area under the curve for the entire oral 
glucose tolerance test (Fig. 3). 

4. Discussion 

This study describes the relationship between the body composition 
of pregnant women and their responses to the oral glucose tolerance 
curve. FMMMI is a determining factor in the metabolic response during 
the test, not only due to the increasing prevalence of the disease between 
tertiles, but also by displaying a different metabolic response among 
women without a GD diagnosis based on FMMMI. 

Total body water, protein levels, mineral levels, bone mineral con-
tent, lean soft mass, fat-free mass, skeletal muscle mass, and basal 
metabolic rate are considered protective factors against GD develop-
ment. Previous research found that the body composition-related in-
dicators were independently associated with the onset of GDM [24]. 

GD is usually underdiagnosed, since the various reported prevalence 
values depend on the studied population and method used; furthermore 
GD diagnosis often depend on the population or geographical area and 
evidence to support the diagnostic process [25–28]. 

Early identification of risk factors allows patients with DG to have 
better glucose control, and reduce the risks and development of peri-
natal complications directly related to the disease [29]. Some studies 
have considered that measurements of aspects such as waist-to-hip ratio, 
excess gestational weight gain, and fat mass may be of assistance to set 
up interventions or strategies to prevent GD [24]. Shaofang mentioned 
that a multidisciplinary intervention, in which patients are given 

Table 1 
General characteristics of the population by groups.  

Variables (n = 231) With GD (n =
31) 

Without GD (n =
200) 

p 

Age (years) 28.77 ± 6.4 25.68 ± 6.77 0.018 
Gestation weeks 26.39 ± 3.04 26.86 ± 2.76 0.382 
Type 2 diabetes family history 

(%) 
45.16 25.5 0.024 

Fat mass (kg) 33.53 ± 10.09 23.53 ± 8.51 0.001 
* 

Fat mass percentage 40.95 ± 5.67 34.29 ± 6.85 0.001 
* 

Muscle mass (kg) 44.08 ± 4.08 40.72 ± 3.76 0.001 
* 

Systolic pressure (mmHg) 110.61 ± 11.77 104.58 ± 9.00 0.001 
* 

Diastolic pressure (mmHg) 68.23 ± 10.84 64.62 ± 8.63 0.038 
Weight (kg) 79.83 ± 14.03 66.43 ± 11.97 0.001 

* 
Height (cm) 154.77 ± 6.22 154.89 ± 6.28 0.924 

Values calculated with T-Students for independent samples p ≤ 0.05 
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Fig. 1. Analysis FMMMI in patientes with or without GDM, -Methods should expand on how electrical bioimpedance is performed (line 56).  

Fig. 2. OGCT for tertiles FMMMI in general.  
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relevant information regarding the disease and its complications, can 
help lower glucose levels as they become aware of their condition and 
decide to take care of themselves, which was verified in our study, since 
most of the patients reported not being aware of the disease or the risks 
until they started their treatments. 

Devising new, easy-to-obtain, and low-cost parameters relevant to 
the identification of higher risk could help improve early diagnoses and 
consequently lead to timely interventions [30]. Measuring body 
composition using bioimpedance has been helpful in research on various 
metabolic diseases [31]. Much emphasis has been placed on establishing 
an association between body fat distribution and the onset of metabolic 
diseases; therefore, in recent years, muscle tissue and fat proportion 
measurement have become increasingly relevant [32,33]. 

Recent research has focused on the muscle fat association in various 
diseases, including metabolic syndrome [34]; the index should be made 
available to the general population and not just to the young and active 
populations, as previously suggested [32]. As reported by Xu, a decrease 
in muscle mass is associated with insulin resistance based on the 
FMMMI; nevertheless, the study used or compared results between 
metabolic syndrome patients and middle-aged people. Similarly, Ram-
irez et al. conducted studies using this index and reported that the 
FMMMI may be a good predictive indicator of metabolic syndrome in 
adolescents and is a useful, practical, and economical tool for diagnosing 
metabolic diseases. 

Little information is available on the use of bioimpedance during 
pregnancy. While it is true that a woman’s metabolism and body 
composition change over the pregnancy period, the use of this method is 
an accessible and practical auxiliary in the control and care of patients, 
as it would produce an overview to help set up primary-care strategies to 
avoid complications in pregnancy and the subsequent stages [35,36]. 
The evaluation of body composition using bioelectrical impedance is a 
simple, inexpensive, and minimally invasive method that allows the 

measurement of muscle, fat, and bone mass; this could be a useful tool to 
find people at risk of developing gestational hypertension and pre-
eclampsia. [24,37,38]. Studies similar to those by Loehr et al. [39] have 
attempted to establish strategies to diagnose GD before the 24th week of 
pregnancy [40]. Proper control of fat mass percentage and previous- and 
during-pregnancy muscle mass seems to be more feasible for preventing 
the development of GD [41,42]. 

5. Conclusions 

Measurement of fat and muscle mass between weeks 24 and 28 of 
gestation using bioimpedance may be an adjuvant for predicting the 
diagnosis of GD. The FMMMI makes the OGTT response different in 
pregnant women, even in patients with no GD. 
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Fig. 3. OGCT for FMMMI tertiles in healthy women.  
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