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Abstract

Objectives: to investigate the relation between insulin use, pregestational nutritional status, and
maternal weight gain during pregnancy among women with gestational diabetes mellitus.

Methods: a retrospective cross-sectional study (2017-2022) was conducted with data from women
followed at a University hospital in the Southeast of Brazil. Maternal weight gain adequacy was
assessed according to new curves proposed for Brazilian pregnant women. Pregestational nutritional
status, age, height, race, schooling, marital status, residence, parity, number of pregnancies and
abortions, fasting glucose, and hypertensive disorders were analyzed. The use of insulin was considered
the outcome in a multiple logistic regression model, using as reference, the categories least associated
with gestational diabetes mellitus.

Results: among the 353 participants, 48.7% were obese and 47.4% required insulin. Obese women
were more likely to use insulin (OR= 2.26; 95%CI= 1.16-4.41; p=0.003). Regarding to weight gain,
eutrophic women with above-adequate gain had greater odds of insulin use (OR= 3.22; 95%CI= 1.15—
9.05; p=0.024). Conversely, among those with adequate or below-adequate gain, obese women showed
higher chances of needing insulin (OR= 4.33; 95%CI= 1.76-10.6, p=0.001).

Conclusion: the findings reinforce the necessity for specific guidelines on gestational weight gain
for women with gestational diabetes mellitus, considering differences in both nutritional status and
weight gain patterns throughout pregnancy.
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Introduction

World widely, Gestational Diabetes Mellitus (GDM)
accounts for approximately 75-90% of diabetes cases
during pregnancy,' contributing to the growing epidemic
of type 2 diabetes mellitus (T2DM). About half of the
women with GDM in the world may develop T2DM within
10 years after pregnancy and/or give birth to children with
an increased risk of developing diabetes or obesity in the
future.? Between 2014 and 2019, GDM accounted for
15.32% of maternal deaths in Brazil, ranking as the third
leading cause.® Although data on the prevalence of GDM in
Brazil remain limited and sometimes conflicting, a meta-
analysis using current diagnostic criteria estimated an 18%
prevalence among adult women,* with approximately 10%
of these cases attributed to obesity.’

On the other hand, obesity affects one-third of the
women of reproductive age,® with its prevalence doubling
among 20-year-old women between 2003 and 2019, rising
from 14.5% to 30.2%.” Women with obesity face an
increased risk of mortality during pregnancy,® and Body
Mass Index (BMI) is the main parameter associated with
GDM in several studies identifying a connection between
previous overweight and obesity, or inadequate gestational
weight gain with its development.® Even so, the most
commonly used weight gain recommendations are even
proposed for pregnant women with overweight or obese ,'°
inclusively in recent studies, all of which were conducted
by healthy women without diseases or disorders that
could compromise maternal weight.!!? Pregnant women
with diabetes follow the same weight gain guidelines as
others,'® with few studies assessing specific consequences
and alternative treatments. Additionally, these women
must monitor their blood glucose levels throughout their
pregnancy, following established targets to improve the
outcomes. '

The first treatment for pregnant women with GDM
is nutritional therapy combined with encouragement of
physical exercise for weight control and, consequently,
improved glycemic control. Pharmacological insulin
therapy is initiated only, when necessary, for those who
do not achieve glycemic targets by dieting and exercising
alone."® Therefore, it is implied that pregnant women who
do not control their weight gain during pregnancy and/
or were getting pregnant by being overweight or obese
are more likely to experience poor glycemic control,
thus having insulin therapy more frequently is required
when compared to others. In this sense, the present study
aimed to investigate the relation among insulin use (IU),
pre-pregnancy nutritional status (PNS) and maternal
weight gain (WG) during pregnancy among women with
gestational diabetes mellitus (GDM).
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Methods

This is a retrospective cross-sectional study using
secondary data collected from pregnant women’s with
GDM electronic medical records treated from 2017 to
2022 at a high-risk prenatal care service in a University
hospital in the Southeast of Brazil. A total of 464 medical
records were analyzed, of which 355 women aged 18 or
older with GDM in singleton pregnancies and complete
relevant data in their records were included. Exclusion
criteria were those under 18 years of age, had other types
of diabetes, multiple pregnancies, and the lack of glycemic
control during prenatal care. After applying the exclusion
criteria, 109 women were excluded from the study, as
described in Figure 1.

The variables studied included the following
sociodemographic characteristics: age (years), marital
status (single, widowed, divorced, married, or stable
union), schooling level (less than high school, completed
high school, higher education), skin color (Black, Mixed,
white),’ and residence location (countryside of the State,
metropolitan region, capital city).

Among anthropometric characteristics, height (up to
160cm, above 160cm),’ pre-pregnancy nutritional status
(PNS) (underweight, eutrophic, overweight, and obesity),
and gestational weight gain (GWG) were collected,
classified according to the criteria of the new curves
for Brazilian pregnant women'? and divided into two
categories: those within or below the adequacy percentiles
and those above the adequacy percentiles.

Clinical and obstetric characteristics included
gestational age, parity (nulliparous or with at least one
previous pregnancy), number of pregnancies (primigravida
or with two or more pregnancies), miscarriages (yes/no),
fasting blood glucose (above or below 92mg/dl), presence
or history of hypertensive disorders (yes/no), and, as
the outcome variable of interest, the use of insulin as an
adjunct therapy for GDM treatment.

The collected data were entered and stored in a
database created using Microsoft Office Excel 2016.
For statistical analyses, the data were transferred to
the Statistical Package for Social Sciences (SPSS) for
Windows, version 22.0. The sample was characterized
by means of frequency distribution and estimation of
measures of central tendency and dispersion.

Associations between categorical variables were
assessed using Pearson’s chi-square test and/or Fisher’s
exact test, adopting a 5% significance level. Multivariate
logistic regression models were tested to evaluate the
effect of independent variables on insulin use (IU). Crude
and adjusted odds ratios (OR) were calculated, with 95%
confidence intervals.



Figure 1

Weight gain and insulin therapy in GDM: retrospective cross-sectional analysis

Flowchart of inclusion and exclusion in the study.

Adapted Page MJ et al.?* *MAUH= Management Application for University; GDM= Gestational Diabetes Mellitus

In the multivariate regression models, the reference
category for each independent variable tested was the
one theoretically least associated with IU °. For the
construction of the multiple linear model, variables with
p<0.20 in the bivariate analysis were included. In the

final model, the backward method was used, in which
variables with lower significance (higher p-value) were
removed one by one. This procedure was repeated until
all the present variables in the model showed statistical
significance (p<0.05).
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This present study followed the guidelines of
Resolution CNS 466/12 of the Brazilian Ministry of Health
(BRASIL, 2012) and was approved by the Research Ethics
Committee of the Universidade Federal do Espirito Santo
(Federal University of Espirito Santo) under protocol N°.
CAAE: 66626222.0.0000.5060 on December 13, 2022,
as well as by the Research Network of the EBSERH
system under protocol No. 23525.017280/2022-95, SEI
No. 25914497, on November 28, 2022.

Results

Table 1 presents the characteristics of the sample of 355
pregnant women with GDM, with a mean age of 31+6.4
years, mean pre-pregnancy weight of 79.8+18.7 kg, and
a mean WG of 7.91 £7.06 kg by the end of pregnancy at
36+4 weeks of gestation. Table 1 also shows associations
between IU and variables of interest. Statistically
significant associations were found among PNS (p=0.003),
age (p=0.014), number of pregnancies (p=0.001), parity
(p=0.004), and residence location (p=0.046). The highest
proportion of IU was among women with obesity and/or
aged 35 years or older and/or with at least one previous
delivery and/or two or more pregnancies and/or residing
in the capital city (p<0.05). No significant differences
were observed between IU and other variables analyzed
in the study. The results of the multivariate analysis with
the variable Ul as the outcome are also presented (Table
1). It was observed that obese women (OR=2.26; 95%CI

Table 1

=1.16-4.41; p = 0.003) are more likely to use insulin to
control GDM than others. On the other hand, living in the
metropolitan region of Vitéria proved to be a protective
factor in relation to IU in controlling GDM (OR=0.61;
95%CI1=0.37-0.99; p=0.046). However, this latter finding
may represent a confounding factor to be discussed below.

Table 2 shows the logistic regression analysis between
WG and IU according to PNS category. A statistically
significant difference was found among eutrophic women
(p=0.024), with those who gained weight above the
recommended level being 3.22 times more likely to use
insulin compared to those who gained adequate or less-
than-adequate weight.

A significant predominance of non-IU was also
observed among women classified as being eutrophic
or overweight (p=0.186) who gained adequate or less-
than-adequate weight (78.4 and 72%, respectively).
An inversely proportional reduction of the PNS is this
difference was noted in the obese women, in which
percentages of insulin users and non-users were very
similar to 45.6 and 43%, in which statistical significance
was irrelevant (p=0.617) for the WG variable.

For low weight, although in substantially smaller
numbers, the opposite occurs when the significant
predominance of IU is among those who remained
with adequate or below adequate WG (75%). In this
same group, the opposite occurred among those who
had above adequate WG with the same percentage for
non-1U (75%).

Association among sociodemographic, anthropometric, clinical, and obstetric variables and insulin use by pregnant women with gestational
diabetes mellitus attended at a high-risk prenatal care service. Vitoria, Espirito Santo State, 2024.

Use of Insulin

Variables ol No Yes 167 P
187(52.7) (47.4) Yes
OR (1C95%)
n % n % n %
Pre-pregnancy nutritional status 0.003
Underweight 8 2.3 4 50.0 4 50.0 2.08 (0.46; 9.46)
Eutrophic 72 20.3 47 65.3 25 34.7 1
Overweight 102 28.7 62 60.8 40 39.2 0.88 (0.43; 1.81)
Obesity 173 48.7 74 43.0 98 57.0 2.26 (1.16; 4.41)
Gestational weight gain 0.143
Adequate or less-than-adequate 146 41.5 84 57.9 61 42.1 1
Higher-than-adequate 206 58.5 103 50.0 103 50.0 1.17 (0.71; 1.92)
Age 0.014
35 or older 117 33.0 51 43.6 66 56.4 1.52 (0.89; 2.60)
Under 35 238 67.0 136 (57.4 101 42.6 1
Number of pregnancies 0.001
Over two previous pregnancies 284 80.0 137 48.4 146 51.6 1.44 (0.47; 4.40)
Primigravida 71 20.0 50 70.4 21 29.6 1
Parity 0.004
At least one birth 264 74.4 127 48.3 136 51.7 1.53 (0.56; 4.18)
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Nulliparous 91 25.6 60 65.9 31 34.1 1

Miscarriages 0.486
Yes 106 29.9 53 50.0 53 50.0

N/A?

No 249 70.1 134 54.0 114 46.0

Fasting blood glucose 0.386
More than 92mg/dl 303 87.8 159 52.6 143 47.4
Less than 92mg/dl 42 12.2 19 45.2 23 54.8 /A

Hypertensive disorders 0.119
Yes 142 42.0 67 47.5 74 52.5 0.83 (0.49; 1.39)
No 196 58.0 110 56.1 86 43.9 1

Height (cm) 0.587
Up to 160cm 159 44.8 86 54.4 72 45.6

0.587

Over 161cm 196 55.2 101 51.5 95 48.5

Residence location 0.046
Countryside of the State 27 7.6 15 55.6 12 44.4 1.00 (0.36; 2.80)
Metropolitan region 160 45.2 95 59.7 64 40.3 0.61(0.37; 0.99)
Capital city 167 47.2 77 46.1 90 53.9 1

Skin color 0.175
Black 29 8.8 18 62.1 11 37.9 0.88 (0.32; 2.44)
Mixed 244 74.2 123 50.6 120 49.4 1.54 (0.79; 3.00)
White 56 17.0 35 62.5 21 37.5 1

Marital status 0.359
Single/Widowed/Divorced 191 54.6 97 51.1 93 48.9
Married or Stable Union 159 45.4 89 56.0 70 44.0 NA

Schooling level 0.279
No high school 65 27.0 42 64.6 23 35.4
High school 149 61.8 79 53.0 70 47.0 NA
Higher education 27 1.2 16 59.3 1 40.7

Values in bold are significant; NA = did not reach 20% statistical significance.

Table 2

Relation between weight gain and insulin use in 355 pregnant women with gestational diabetes mellitus by pre-pregnancy nutritional status.
Vitoria, Espirito Santo State, 2024.

Use of Insulin

Total
Weight Gain Classification No Yes Yes P
n % n % n % (95(‘)’/?0)

Underweight 0.148
Adequate or less-than-adequate 4 50.0 1 25.0 3 75.0 1
Higher-than-adequate 4 50.0 3 75.0 1 25.0 0'121 52')00;

Eutrophic 0.024
Adequate or less-than-adequate 37 52.1 29 78.4 8 21.6 1
Higher-than-adequate 34 47.9 18 52.9 16 47.1 3.22

(1.15; 9.05)

Overweight
Adequate or less-than-adequate 25 24.5 18 72.0 7 28.0 1 0.186
Higher-than-adequate 77 75.5 a4 57.1 33 429 (0.712';9;15)

Obesity 0.617
Adequate or less-than-adequate 79 46.5 36 45.6 43 54.4
Higher-than-adequate 91 53.5 38 41.8 53 58.2 NA

Values in bold are significant; NA=did not reach 20% of statistical significance.
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When the relationship between pre-pregnancy
nutritional status and IU is analyzed for each WG category
(Table 3), statistical significance is observed for the
adequate or below-adequate WG group (p=0.001). Only
obese women in the study remained within the confidence
interval with significantly higher chances of IU (OR=4.33;
95%CI= 1.76-10.6; p=0.001).

Table 3

Association between pre-pregnancy nutritional status and insulin use
by weight gain category in 355 pregnant women with gestational
diabetes mellitus. Vitoria, Espirito Santo State, 2024.

Use of Insulin

Weight Gain Classification OR (95%Cl) P

Adequate or less-than-adequate 0.001
Obesity 4.33 (1.76; 10.6)
Overweight 1.41 (0.44; 4.55)
Underweight 10.9 (0.99; 119.2)
Eutrophic 1

Higher-than-adequate 0.156
Obesity 1.57 (0.71; 3.46)
Overweight 0.84 (0.38; 1.90)
Underweight 0.38 (0.04; 3.98)
Eutrophic 1

Values in bold are significant.

When analyzing the group with WG above the
recommended level, the significance level was reduced
(p=0.156), and a negative association with the outcome
variable (IU) was maintained in all PNS categories.
Interestingly, the same occurs for obese women: while
those with adequate or less-than-adequate WG showed
significant difference, now with WG above the adequate
range resembled others (OR= 1.57; 95%CI= 0.71-3.46;
p=0.156).

Discussion

Between 70% and 85% of GDM cases can be managed
with proper diet and exercise, with only 15-30% of the
patients would need medication.'® Despite this, in our
study, almost half of the sample (47.04%) required adjunct
insulin therapy, even in a setting where participants
received multidisciplinary care including diet therapy. This
finding reflects the reality that almost half of the sample
consisted of women with obesity (48.7%). In addition to
the 28.7% who were overweight, the result was a sample
consisting of almost 80% of women who were overweight
during pregnancy.

This data does not differ from the literature.!’
Eutrophic Brazilian women who receive prenatal care at
the public health system represent a minority,'s confirming
the findings in the sample of this study, in which only
20.3% were classified as eutrophic. This first observation
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reported to us the global increase in obesity rates, which
also resulted in an increase in the number of obese women
who become pregnant and developed GDM two to five
times more than women of normal weight compared to
women with adequate weight.!%202!

In Brazil, between 2003 and 2019, the proportion
of women with obesity around 20 years of age almost
doubled, with weight gain increasing proportionally with
age. Among women of reproductive age, 41.4% were
classified as overweight and 13.5% were obese between
ages 18 and 24. These rates rose to 57% and 27.9%,
respectively, among women aged 25 to 397an age group
that comprised 83.66% of the women in this study. Age,
in this study, was significantly associated with IU, as were
PNS, parity, and number of pregnancies. It is important to
highlight the interrelation among these variables, as older
women tend to have more children and a higher BMI.?

BMI is widely recognized as the main indicator for the
development of insulin resistance (IR) and GDM**—as
confirmed by our study, in which PNS was significantly
associated with IU, with obese women using approximately
twice as much insulin compared to eutrophic women.
When WG was analyzed by PNS, statistical significance
was observed only among eutrophic women, and with a
significance reduction as BMI increased thus, following
an inversely proportional pattern, in other words, the
higher the BMI, the weaker the association between the
WG and IU.

Among the combinations of WG by PNS and IU, the
relation was found only among eutrophic women, who
used considerably more insulin when they gained weight
above the recommended level.

The literature has long demonstrated the role of IR
as a response mechanism to weight maintenance.?* In
an attempt to maintain weight, IR increases lipolysis,
resulting in the release of fatty acids and glycerol into the
bloodstream, by raising blood glucose levels.?*?* Thus,
it can be inferred that the elevated serum levels of these
components in cases of excessive weight may ultimately
lead to a greater need for IU. Interestingly, when PNS
was analyzed within each of the two WG groups, obese
women who gained adequate or less-than-adequate weight
had 4.22 times greater odds of IU compared to eutrophic
women. However, this same association lost statistical
significance among women who gained more than the
adequate weight. Once again, this finding aligns with
previous literature. In a randomized clinical trial, Harreiter
et al.*® analyzed the impact of healthy eating and physical
activity on maternal lipid metabolism in 436 pregnant
women with obesity, aiming to promote restricted GWG.
They found that, in the group with lower WG, substantially
higher concentrations of free fatty acids and ketone bodies
were present in the bloodstream, leading to increased



blood glucose levels, particularly during fasting.* This
suggests that pregnant women with obesity who gain
insufficient weight or who lose weight may experience
increased blood glucose and, consequently, a greater need
for IU, which may have occurred in this study.

This issue has already been described in other studies,
which shows that 50% of the pregnant women with obesity
lose weight in the same proportion as they gain excessive
weight.'® Exactly as it was observed in this study, in
which women with obesity showed similar percentages of
adequate or less-than-adequate WG (54.4%) and higher
than adequate WG (58.2%). Weight loss among pregnant
women with obesity was also observed and problematized
in a study involving Brazilian women that served as the
basis for developing new growth curves. It is important
to note that this study was conducted with women with no
previous infectious or chronic conditions, except obesity,
including diabetes and hypertensive disorders, and who
experienced favorable pregnancy outcomes. The author
describes weight loss among pregnant women with obesity
as a “concerning observation, given that weight loss during
pregnancy is not recommended”.'?

Inadequate weight gain was also observed in 545
women with GDM, 64.2%, particularly among those with
obesity and overweight. IU was required in 41% of cases,
and 34.8% experienced pregnancy complications, mainly
hypertensive disorders."”

Recommendations for GWG are widely debated and
have been the basis for systematic reviews, especially
regarding women with obesity.®!%2%26 Bogaerts et al.,*
when analyzing 18,053 pregnant women with obesity,
observed insufficient weight gain, including weight loss,
which was associated with a reduction in gestational
hypertension and emergency cesarean sections.?® Kapadia
et al.,’ in their review on weight gain recommendations
for pregnant women with obesity, suggests that WG below
the most commonly used international guidelines may,
in some cases, be individually recommended based on a
personalized analysis.®

These findings confirm the hypothesis that PNS can
influence 1U, while WG may exert its effects in different
ways, depending on PNS. Excessive weight appears
to be the main factor, regardless of whether it is pre-
existing or acquired during pregnancy, since overweight
and obese women required more IU simply due to have
entered pregnancy above the recommended weight,
while eutrophic women did so only after exceeding the
recommended weight during pregnancy.

Indeed, pregnant women with obesity without
diabetes and those with gestational diabetes without
obesity demonstrate IR in similar ways, which differs

from women who experience pregnancy without either

Weight gain and insulin therapy in GDM: retrospective cross-sectional analysis

condition.?” These findings highlight the importance of
further studies to support personalized approaches to
GDM management, including the development of tailored
WG recommendations, particularly for women with pre-
existing obesity.

Specific recommendations can help optimize
prenatal care, improving maternal and neonatal outcomes
both in postpartum and throughout life, since GDM is
already recognized as a predictor of diabetes mellitus,
cardiovascular diseases, and obesity in offspring,
including in adulthood.'?

The period covered by this study (2017-2022)
comprises a transitional scenario in GDM management
in Brazil, with definition of diagnostic and treatment
flows.”® Diagnostic and treatment information differed
among professionals and services. Therefore, it was not
possible to quantify changes in glycemic control due to
the lack of standardization of such information described
in medical records. The UI outcome was then chosen as
the most viable binary variable for quantification and/or
qualification.

The study has limitations, such as its cross-sectional
design, which does not allow for the assessment of causal
relationships. Nevertheless, it offers relevant insights for
understanding the management of gestational diabetes
in different contexts of the Brazilian healthcare system.
The location variable may have acted as a confounding
factor, since women living in peripheral regions may have
received less insulin not only because of lower clinical
need, but also because of barriers to access, late diagnosis,
or insufficient supplies and infrastructure.

There is also no consensus regarding the threshold
or percentage of glycemic alterations required to initiate
insulin therapy. The Brazilian Ministry of Health suggests
that it be performed when a 30% alteration in glycemic,”
international standards indicate lower thresholds, which
reinforces the heterogeneity in conduct and the need for
more precise and up-to-date national guidelines.

This study showed that both pre-pregnancy
nutritional status and weight gain patterns during
pregnancy influence the need for insulin treatment. It can
be concluded that the treatment of gestational diabetes
remains in transition, with a lack of epidemiological
data in Brazil. Longitudinal studies are needed to
support more assertive protocols, especially in high-
risk services, as well as to inform better strategies for
medication management, professionals, promotion and
prevention projects in the care of GDM.

These findings reinforce the importance of specific
weight gain guidelines for women with gestational
diabetes, in order to support more appropriate clinical
conduct and reduce maternal and fetal risks.
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