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Abstract

The aim of this study was to evaluate the impact of the Dietary Approaches to Stop Hypertension (DASH) diet on glycaemic control and con-
sumption of processed (PF) and ultraprocessed (UPF) foods in pregnant women with pre-gestational diabetes mellitus (PGDM). This is a rand-
omised, controlled, single-blind clinical trial with forty-nine adult women with PGDM, followed at a public maternity hospital in Rio de Janeiro,
Brazil. The control group (CG) received a standard diet consisting of 45-55 % of the total energy intake of carbohydrates, 15-20 % of proteins and
25-30 % of lipids. The DASH group (DG) received an adapted DASH diet, which did not differ from the standard diet in the percentage of
macronutrients, but had higher contents of fibre, unsaturated fats and minerals such as Ca, Mg and K; and lower contents of Na and saturated
fats than the standard diet. In the analysis by protocol, the DG presented a higher incidence of glycaemic control after 12 weeks of intervention
(57-1 v. 8:3 %, P=0-01, moderate effect size) and a lower mean consumption of UPF (=9-9 %, P = 0-01) compared with the CG. There was no
statistically significant difference in fasting and postprandial blood glucose concentrations, or in the consumption of PF between the groups
(P> 0-05). The DASH diet may be a strategy for glycaemic control in pregnant women with PGDM, favouring the adoption of a nutritionally
adequate diet with lower consumption of UPF. Further studies are needed to investigate the effect of the DASH diet on glycaemic profile, and
maternal and perinatal outcomes in women with PGDM.
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Diabetes mellitus (DM) is an important and growing public
health problem worldwide and considered one of the most
common chronic non-communicable diseases'”. Its incidence
is on the rise among young adults from developing countries,
including Brazil, and the prevalence of women with pre-
gestational DM (PGDM) has also increased in recent deca-
des®._ The increase in the prevalence of DM in pregnancy is
alarming, since hyperglycaemia during pregnancy is responsible
for high rates of perinatal morbidity and mortality, especially in
cases of PGDM“,

Nutritional therapy is one of the cornerstones of the global
treatment of DM at all stages of life and has a significant impact
on glycaemic control. Glycaemic control is associated with a sub-
stantial reduction in the frequency of short- and long-term DM

complications, such as hypertensive disorders of pregnancy,
prematurity, macrosomia and even the emergence of chronic
diseases in adulthood®>. Preprandial plasma glucose monitor-
ing is recommended to adjust fast- or ultrafast-acting insulin
doses. Adequate postprandial plasma glucose is related to better
glycaemic control and a reduced risk of preeclampsia and
macrosomia‘?,

The DASH (Dietary Approaches to Stop Hypertension) diet is
one of the dietary strategies recommended by different scientific
and health committees®. Nutritional intervention using the
DASH diet in women with gestational DM has been associated
with an improved glycaemic profile and reduced blood pres-
sure’. The same studies also indicate beneficial effects of
the DASH diet on lipid metabolism, antioxidant concentrations

Abbreviations: CG, control group; DASH, Dietary Approaches to Stop Hypertension; DG, DASH group; DM, diabetes mellitus; 24 HR, 24-h dietary recall; IQR,
interquartile range; I'TT, intention-to-treat; PF, processed foods; PGDM, pre-gestational diabetes mellitus; TEI, total energy intake; UPF, ultraprocessed foods.
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and inflammatory profile, and consequently better perinatal out-
comes in pregnant women and their offspring”’=?.,

The DASH diet encourages the consumption of unprocessed
and minimally processed foods (PF) such as fruits, vegetables,
whole grains and low-fat dairy products, which are the sources
of the key nutrients in this diet. It discourages the intake of PF
and ultraprocessed foods (UPF), which have high energy density
and are rich in fats, sugars and Na“'%'?, Its beneficial effects on
metabolic control and the management of chronic diseases such
as DM are attributed to the fact that it contains antioxidants, Ca,
K, Mg, unsaturated fats and dietary fibre and has a low glycaemic
index7:813).

In Brazil, the government's Dietary Guidelines for the
Brazilian Population provides nutritional recommendations
based on how processed the foods are and what the purpose
of the processing is'¥. Foods are accordingly classified into four
categories. Group 1 is composed of unprocessed foods — edible
parts of plants or animals, mushrooms, algae and water, directly
after extraction from nature — and minimally PF — the same foods
after undergoing simple processes such as the removal of ined-
ible parts, fractionation, packaging and refrigeration. Group 2
covers substances extracted directly from group 1 foods and con-
sumed in culinary preparations, such as salt, sugar, oils and
fats¥,

Group 3 consists of PF, which are made by adding salt or
sugar to an unprocessed or minimally PF for the purposes of
preservation or flavour enhancement. Group 4 consists of
UPF, which are industrial formulations that contain multiple
ingredients, including substances used exclusively in manufac-
turing. They usually contain few or no unprocessed foods, but
incorporate techniques designed to mimic the appearance and
sensory qualities of food. They are intended to be durable, con-
venient, highly palatable and profitable"'?.

The diet and eating habits of the Brazilian population have
changed over the years, in line with the global trend for the
increased consumption of PF and UPF and the reduced intake
of unprocessed and minimally PF and processed culinary ingre-
dients">1® The high consumption of UPF has been associated
with a diet with worse nutritional characteristics, obesity and
the metabolic syndrome, which in turn also influences gesta-
tional weight gain and glycaemic control in pregnant women
with DM1720,

In this context, the adoption of the DASH diet adapted to the
Brazilian culture could be a strategy for the glycaemic control of
women with PGDM by helping them reduce their intake of PF
and UPF and encouraging the consumption of foods with a bet-
ter balance of macro- and micronutrients. In women with gesta-
tional DM, nutritional intervention with the DASH diet has been
associated with improved glucose tolerance, reduced insulin
and glycated Hb (HbA1c) concentrations, lower blood pressure,
and an improved lipid profile and antioxidant capacity of
plasma. In addition, it has also been associated with better
obstetric and perinatal outcomes”,

We do not know of any studies that assess the impact of the
DASH diet on women with PGDM. The findings of this study may
therefore contribute to the development of a new nutritional
intervention strategy for the treatment of PGDM and the chal-
lenging task of achieving glycaemic control in this population,

thus significantly reducing the complications associated with
the disease and leading to better obstetric outcomes.
Accordingly, the aim of this study was to evaluate the impact
of a nutritional intervention based on the DASH diet on glycae-
mic control and the consumption of PF and UPF in women
with PGDM.

Methods
Study design and ethical approval

This study is part of the DASDIA research project, registered in
the REBEC clinical trials database (RBR-4thgv06, http://www.
ensaiosclinicos.gov.br/rg/RBR-4tbgv6/). It aims to test what
effect the DASH diet adapted to the Brazilian population has
on the perinatal outcomes of adult women with PGDM.

The primary purpose of DASDIA is to evaluate the effect of
the DASH diet on the incidence of hypertensive disorders of
pregnancy in adults with PGDM. The present article explores
the secondary objectives of the study, including glycaemic con-
trol and the consumption of PF and UPF.

This randomised, controlled, single-blind clinical trial was
conducted with two groups of adult women with PGDM receiv-
ing prenatal care at the maternity teaching hospital of the Federal
University of Rio de Janeiro (Maternidade Escola da
Universidade Federal do Rio de Janeiro, ME-UFR]), in Rio de
Janeiro, Brazil, from 2016 to 2019. This institution is considered
a reference for the treatment of pregnant women with DM and
offers multidisciplinary prenatal care. The women did not know
which study group they belonged to; only the researcher respon-
sible for providing the nutritional guidance had this information.
The methodological description of the research follows the
CONSORT guidelines®??. The study was conducted according
to the guidelines laid down in the Declaration of Helsinki®*?,
and all the procedures involving human subjects were approved
by the research ethics committee of ME-UFRJ on 25 October 2017
(CAAE 78617517.6.0000.5275). All the participants signed an
informed consent form.

Participants

Fifty-six pregnant women were invited to participate in the
study and met the following inclusion criteria: chronological
age > 18 years at conception, diagnosis of PGDM, singleton
pregnancy, gestational age < 28 weeks, non-smoker and non-
drinker. Women with chronic arterial hypertension (72 9) were
included, provided they had not been diagnosed with preec-
lampsia, eclampsia or HELLP syndrome, as were those with
treated and controlled hypothyroidism (7 10). Women with
other chronic co-morbidities (72 28), such as kidney and liver dis-
ease, or with sexually transmitted diseases, were excluded from
the study.

The women were randomly allocated to the study groups: the
control group (CG), who received the standard dietary recom-
mendations given at the hospital to all patients with DM, or
the DASH group (DG), who received the adapted DASH diet.
Randomisation was performed using a list of random numbers
prepared using Microsoft Office Excel® 2007. Each woman
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Assessed for eligibility (n 168)

Excluded (n 112)
+ Not meeting inclusion criteria (n 77)
+ Have exclusion criteria (n 27)

+ Declined to participate (n 2)

A 4

¢ Received nutritional assistance for the service (1 6)

Randomised (n 56)

Allocation )

¢ Allocated to control group — standard diet (n 23)

+ Received allocated intervention (n 23)

¢ Allocated to DASH group — DASH diet (n 33)

+ Received allocated intervention (n 33)

Follow-up ]

Lost to follow-up (n 3)

Lost to follow-up (n 4)

¢ Declined to participate (n 1)
+ Transfer to a different healthcare facility (n 3)

+ Have exclusion criteria (n 1)
+ Transfer to a different healthcare facility (n 1)
¢ Fetal death (n 1)

N

A 4

Analysis

\——

A

Analysed (n 19)

Excluded from plasma glucose analysis (n 5)

Fig. 1. Research flow chart.

enrolled on the study received a number from the list of random
numbers; those with an odd number were put in the CG and
those with an even number were put in the DG.

There were four follow-up losses in the CG: one woman who
declined to participate and three who were transferred to a
different healthcare facility. There were three losses in the
DG: one woman who was transferred to a different healthcare
facility, one who was diagnosed with a sexually transmitted dis-
ease and one due to fetal death after the initial consultation.
Additional losses came about because not all the women had
their fasting and postprandial plasma glucose measured at the
right times after commencement of the intervention to enable
their inclusion in the statistical analysis. Fig. 1 presents the flow
chart with a detailed description of the participants’ path
throughout the study.

Nutritional intervention

The CG received the standard dietary recommendations,
which followed the guidelines of the American Diabetes
Associatiorﬁ”, in which total energy intake (TED is distributed
across groups of food with similar nutritional characteristics and

Analysed (n 30)

Excluded from plasma glucose analysis (n 7)

energy content: fruit, bread, dairy products, meat, cereals,
beans, legumes, fat and vegetables. The distribution of the food
groups took into account the planned proportion of macronu-
trients and micronutrient needs. The women were given their
dietary plan and a list of the food groups containing different
food items with equivalent energy and nutritional characteris-
tics. The dietary plan was designed to enable more flexible
food choices, taking into account the women’s regular eating
habits, such as full-fat or low-fat dairy products, refined or
whole grains and bread, and meat options with higher or lower
fat and/or cholesterol content.

The DASH diet was translated and adapted to the Brazilian
population in the first phase of the DASDIA study®>??. The
adapted version includes foods available in Brazil that provide
the same nutrients covered in the original DASH diet and also
takes into account the social, cultural and food context of
Brazilian pregnant women. The adaptation process included
the translation of the diet, the adaptation of the foods and food
groups, the identification of the geographical and financial
accessibility of the foods and a feasibility assessment. For exam-
ple, the adapted version aimed to include lower-cost, easy-
access foods such as sardines and seasonal fruits and vegetables.
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Table 1. Distribution of food groups used in the study (Maternidade
Escola-UFRJ, 2016-2019, Rio de Janeiro, Brazil)*

Standard diet DASH diet
Food group (servings/d) (servings/d)
Fruits 5.0 5.0
Vegetables >3.0 >3-0
Cereals 9.0 85
Legumes 2.0 2.0
Meat, chicken, fish and eggs 2:0 2:0
Dairy products 3.0 4.5
Seeds and nuts - 1.0
Fats 6-0 7-0

DASH, Dietary Approaches to Stop Hypertension.
* Data referring to the total energy intake of 10 042 kJ (2400 kcal).

The adapted version includes whole grains, low-fat foods, a
weekly intake of fish, chicken, lean beef and eggs (to reduce the
intake of saturated fat and cholesterol), low-fat dairy products, a
daily portion of seeds and nuts and a high proportion of fruits
and vegetables (with emphasis on sources of key nutrients in
the DASH diet). Na intake was limited to 2400-3000 mg/d,
and the consumption of Na-rich foods was discouraged. The
DG received a guide containing the dietary plan and a list of food
substitutes. Table 1 shows the distribution of the food groups in
the standard and DASH diets for a TEI of 10 042 kJ (2400 kcaD.

The women in both groups also received printed matter with
nutritional guidelines for the control of DM, including recom-
mendations on the adequate use of sweeteners. The nutritional
intervention provided by the research team ran until the end of
pregnancy and provided for a minimum of six individual consul-
tations with the nutritionist, in addition to three nutrition educa-
tion group activities, regardless of the study group. During the
appointments, adaptations were made to the dietary plan
according to diet adherence, gestational weight gain, glycaemic
control and potential pregnancy complications and digestive
symptoms.

The dietary plan was prescribed individually, and TEI was
estimated for each woman based on their weekly and total gesta-
tional weight gain plan®2®, The percentage of macronutrients
was the same in each of the diets. Carbohydrates accounted for
45-55 % of TEI, protein for 15-20 % and lipids for 25-30 %. The
use of sucrose was not recommended, but if the woman had
chosen to consume food with sucrose, its energy value was com-
puted in the TEL Each dietary plan was divided into 5-6 meals a
day at regular times, and the energy distribution in each of them
was planned for both groups so that the main meals contained a
higher proportion of energy (lunch and dinner — 20-30 % TED
and the smaller meals contained a lower proportion (breakfast
— 10-15 %; mid-morning snack — 5-10%; afternoon snack —
10-15 %,; supper — 5-10 % TED.

To facilitate adherence to the prescribed dietary plan, the
women in the DG received a portion of seeds (200 g), nuts
(150 g) and skimmed milk (280 g) at each visit, and the women
in the CG received a portion of oats (200 g) and reduced-fat
(1-2 %) milk (300 ). All the women also received extra-virgin
olive oil (500 ml) at the first visit. In addition to the aforemen-
tioned foods, a package of artificial sweetener (sucralose) was

given to the women who used it regularly and/or showed an
interest in receiving it as an alternative to sugar.

All the women were instructed on the routine supplementa-
tion of Fe and folic acid as is standard practice at ME-UFRJ and as
recommended by the Brazilian Ministry of Health®®?®. The
women from both groups with low Ca intake (<900 mg/d) which
was not corrected by adhering to the prescribed diet received
500 mg/d calcium carbonate supplementation as of the 20th ges-
tational week®,

Two methods of dietary guidance were used in the study:
carbohydrate counting and traditional>>?”. The participants
themselves chose which method to use, since both have been
tested in women with gestational DM and PGDM, finding no sig-
nificant difference between them in relation to food consump-
tion and obstetric and perinatal outcomes-3%.

Assessment of anthropometric measures

In the first prenatal appointment, body weight (kg) was
measured with a Filizola® mechanical scale and height (m)
was measured using a stadiometer attached to the scale, both
by trained professionals according to the recommendations of
the Brazilian Ministry of Health®”. These measurements were
taken at all appointments. Pre-pregnancy BMI was calculated
for the classification of pre-pregnancy nutritional status®>.
Pre-pregnancy weight was considered as the weight measured
up to the 13th week of pregnancy or as informed by the woman
up to 2 months before conception®”,

Participant characteristics

The sociodemographic, biological and obstetric data investi-
gated were: marital status (partnered or unpartnered), maternal
age (years), area of residence (south zone of Rio de Janeiro or
elsewhere), sanitation conditions in home (adequate — regular
garbage collection, running water, sewage collection; or inad-
equate — absence of one or more of these services), self-reported
skin colour (black or brown/white or yellow; only one partici-
pant self-reported yellow skin colour) and educational level
(secondary school incomplete/secondary school graduate or
higher education). Data were also collected regarding the num-
ber of previous births (nulliparous/non-nulliparous), gestational
age at the first appointment (in weeks), type of DM and time
since diagnosis of DM (in years).

Food consumption and adherence to diets

Food consumption was assessed in two 24-h dietary recalls
(24 HR) administered during the third (7-4 weeks of intervention,
interquartile range (IQR) 5-0, 12-:0) and fifth (16-5 weeks of inter-
vention, IQR 12-3, 20-0) nutritional appointments. The Multiple-
Pass Method technique®?
the recommendations of the FAO of the UN®? regarding the col-
lection of information on food processing in food consumption
surveys were observed. The interviews were conducted by
trained assessors using standard procedures.

Foods were classified according to the extent and purpose of
processing based on the NOVA classification and the definitions
proposed in the Dietary Guidelines for the Brazilian

was used to administer the 24 HR, and
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Population*3%, When insufficient detail was provided about a
food to classify its level of processing, either because of a flaw in
the collection procedure or because the study participant could
not provide that information, it was classified according to the
form in which it was most usually consumed. Such was the case,
for example, of some processed fruit juices and yogurts, when
the type and brand were not given. In these cases, such foods
were classified as UPF.

Foods were quantified in g or ml/d using a table of domestic
measurements®”. To evaluate nutritional composition, a spread-
sheet (Microsoft Office Excel®) validated by Campos et al.*” was
used, which included foods and their nutrient contents accord-
ing to the following food composition tables: the Brazilian Table
of Food Composition®® the Institute of Nutrition of Central
America and Panama food composition table®, the United
States Department of Agriculture data on chemical composition
of foods“? and the Table of Nutritional Composition of Foods
Consumed in Brazil*. The nutritional information tables pro-
vided by the manufacturers were also consulted when the PF
were not found in the tables described above. Subsequently,
the proportion of energy in the diet from unprocessed or mini-
mally processed foods, processed culinary ingredients, PF and
UPF was calculated.

Adherence to the intervention was assessed in all follow-up
appointments and used four criteria based on food consumption
and weekly gestational weight gain*?: (1) the amount of food
ingested (number and size of portions); (2) the quality of the
food (food groups); (3) the pattern of food intake (percentage
TEI per meal and time) and (4) the adequacy of weight gain
in relation to the weight gain planned at the previous appoint-
ment. Adherence to the first three criteria was measured against
the participants’ individual dietary plans. Weight gain was con-
sidered adequate when a woman’s weight gain was up to 20 %
more or less than her recommended weight gain, and inad-
equate when it exceeded that percentage. Overall, adequacy
of adherence was classified as low when just one of the four cri-
teria was met, average when two or three were met, and high
when all four criteria were met.

Biochemical assessment

Glycaemic control was assessed using fasting plasma glucose
and 1-h postprandial plasma glucose, measured after consuming
a standard snack provided by the maternity hospital, using a col-
orimetric enzymatic method. Plasma glucose is one of the
parameters monitored as standard practice at ME-UFR] and
was taken every 15 d when possible, with the frequency being
adapted individually as agreed between the team and the
patient®. The plasma glucose measurements taken closest to
8 and 12weeks after the commencement of the intervention
were used. Blood tests done up to 15 d before or after the respec-
tive times (8 and 12 weeks) were accepted. The women were
classified as having good glycaemic control when their fasting
glucose was <5-3 mmol/l and their 1 h postprandial glucose
was <7-8 mmol/l. If one or both of the parameters was above

the cut-off point, classified as

o)

glycaemic control was
inadequate

Statistical analysis and sample size calculation

The sample size calculation was performed based on the primary
outcome of the DASDIA study (prevalence of hypertensive dis-
orders of pregnancy). To calculate the sample, a type I error of
5% (a=0-05), 80% power, an estimated 25 % prevalence of
hypertensive disorders of pregnancy in pregnant women with
DM, and effect size w=0-5“® were considered. Thus, a mini-
mum sample of sixteen women was estimated for each group®.
Considering the longitudinal design of the study and possible fol-
low-up losses (about 20 %), the minimum sample size for each
group was set at twenty participants.

The normality of the data was assessed using the Shapiro—
Wilk test and visual inspection. Data were presented as means
and standard deviations or medians and IQR for parametric
and non-parametric variables, respectively. Qualitative variables
were described using absolute and relative frequencies.

Student’s ¢ test was used to analyse the means between the
groups. Levene’s test was used to test the homogeneity of the
variances. The Mann-Whitney Utest was used to compare medi-
ans. The y* test or Fisher’s exact test was used to assess the differ-
ence between proportions. The Poisson regression model with
robust variance estimate-adjusted intervention time (in days)
was used to evaluate the effects of the intervention on the inci-
dence of poor glycaemic control, by means of the incidence rate
ratio with 95 % CI.

Changes in plasma glucose levels over time were deter-
mined using the Wilcoxon test. Intra-group variation of food
consumption was assessed by comparing the mean energy
intake from unprocessed or minimally PF, processed culinary
ingredients, PF and UPF between the third and fifth appoint-
ments (6-8 and 12-14 weeks of intervention), with Student’s ¢
test for paired data.

The quartiles of the sample distribution of energy intake
from UPF were calculated, and individuals were classified into
first, second or third quartiles, or fourth quartile. The Mann—
Whitney Utest was used to compare the plasma glucose medians
between the UPF consumption categories.

Nutrient consumption was described for the data adjusted for
energy consumption using the energy density method“®. All
analyses were performed per-protocol and by intention-to-treat
(ITT). The ITT population included all the randomised women
who had at least one outcome measurement using the Last
Observation Carried Forward technique, while the per-protocol
population included all the women who had completed the trial
at each time point. A significance level of 5% was adopted, and
the statistical package used was SPSS for Windows, version 23.

Results

The participants had an average age of 31 (sp 5-9) years, pre-
pregnancy BMI of 28-4 (sp 5-2) kg/m?, an average gestational
age of 15 (sp 5-7) weeks at baseline and 59-2 % (7 29) had one
ormore births. The median time since diagnosis of DM was 8 years
(IQR 2-0, 15-0); 49-0 % (1 24) of the women had type 1 DM and
51-0 % (7 35) had type 2 DM. Most of the women’s self-reported
skin colour was black or brown (633 %; 72 31), most reported liv-
ing with a partner (79-6 %; 7 39) and most had up to 9 years in
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Table 2. Sociodemographic, biological and anthropometric characteristics of the study participants at baseline, by study group (Maternidade Escola-UFRJ,

2016—-2019, Rio de Janeiro, Brazil)

(Numbers and percentages; mean values and standard deviations; median values and interquartile ranges (IQR))

Control group DASH group
Variables n % n % P
Area of residence 18 30 0-27*
South zone of Rio de Janeiro 5 278 4 133
Other regions 13 72.2 26 86-7
Marital situation 19 30 1.00*
Lives with a partner 15 789 24 80-0
Lives without a partner 4 211 6 20-0
Skin colour 19 30 0-99t
White or yellow 7 36-8 11 36-7
Black or brown 12 63-2 19 63-3
Education 19 30 0-311
Secondary school incomplete 7 36-8 7 233
Secondary school graduate or higher education 12 63-2 23 767
Parity (number of previous births) 19 30 0-30t
0 6 316 14 46-7
>1 13 68-4 16 53-3
DM type 19 30 0-44t
Type 1 8 421 16 53-3
Type 2 11 579 14 46-7
n Mean SD n Mean SD P
Age (years) 19 30-1 57 30 310 6-2 0-60%
Pre-gestational BMI (kg/m?) 19 277 5.4 19 288 5.0 0-46%
Gestational age (weeks) 19 13-4 5-0 30 154 6-0 0-23f
Time since DM diagnosis (years) 19 30 0-14§
Median 5.0 10-5
IQR 1.0, 13:0 4.3, 150

DASH, Dietary Approaches to Stop Hypertension; DM, diabetes mellitus.
* Fisher's exact test.

7 test.
1 Student’s t test.
§ Mann-Whitney U test.

formal education (71-4 %; 12 35). Regarding their area of residence,
18-4 % (129) lived in the south zone of Rio de Janeiro and 98-0 % of
their homes had adequate sanitation (data not shown).

There was no statistically significant difference between the
study groups at baseline for the participants’ sociodemographic,
biological or anthropometric characteristics (Table 2). There was
also no difference when it came to the method of dietary guid-
ance used. Among the women in the CG, 70-6 % (1 12) received
dietary guidance based on the traditional method, while 29-4 %
(n5) received dietary guidance based on carbohydrate counting.
In the DG, 82-1 % (12 23) received dietary guidance based on the
traditional method and 17-9% (7 5) based on carbohydrate
counting (P = 0-47) (data not shown).

Dietary adherence was similar between the groups through-
out the intervention, and there was an improvement in adher-
ence as the number of appointments with a nutritionist
increased. At the third appointment, 31-6 % (12 6) of the women
in the CG and 40-0 % (12 12, P=0-55) in the DG had medium or
high adherence. At the fifth appointment, 46-7 % (1 7) of the
women in the CG and 60-0% (nz 12, P=0-43) in the DG had
medium or high diet adherence.

Alower average carbohydrate intake was observed in the DG
than in the CG, but this difference was not statistically significant
(P=0-09). In relation to 7-3, the median consumption was sig-
nificantly higher in the DG than in the CG (P=0-04). No

statistically significant differences were found between the study
groups for the other nutrients analysed (Table 3).

The average consumption of the foods per category by the
study participants, regardless of the group, was: 18:7% (sp
9-3) TEI for UPF, 9-0% (sp 8-4) for PF, 10-0 % (sp 3-5) for proc-
essed culinary ingredients and 62-5 % (sb 10-9) for unprocessed
or minimally PF. The main PF consumed were: savoury breads,
low-fat cheeses, high-fat cheeses, preserves and salted nuts. The
most cited UPF were biscuits and crackers (predominantly
savoury crackers and, to a lesser extent, unfilled biscuits and
whole-grain crackers), whole-grain bread, margarine, processed
cheeses and processed drinks. Biscuits were the main UPF con-
sumed by the women in the CG, while bread was the main UPF
consumed by the women in the DG (data not shown).

The consumption of UPF was lower in the DG at the fifth
appointment with the nutritionist (—=9-9 %, P=0-01), with no
other differences found in relation to the other levels of process-
ing between the groups. Over the course of the intervention, the
CG was found to have a reduction in the percentage of TEI cor-
responding to unprocessed or minimally PF (P < 0-01) concomi-
tantly with an increase in the consumption of UPF (P =0-03). In
the DG, the percentage of TEI corresponding to UPF (P=0-05)
tended to decrease, while the consumption of unprocessed or
minimally PF (P=0-10) tended to increase between the third
and fifth appointments with the nutritionist (Table 4).
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Table 3. Estimated food consumption of pregnant women with diabetes mellitus by study group (Maternidade Escola-UFRJ, 2016—2019, Rio de Janeiro,

Brazil)*

(Mean values and standard deviations; median values and interquartile ranges (IQR))

Control group (n 19)

DASH group (n 30)

Variables Mean SD Mean SD P
Energy (kJ/d) 7992-3 9719 7971-8 1994.9 0-96t
Carbohydrates (g/4184 kJ per d) 1304 166 122.7 152 0-09t
Protein (g/4184 kJ per d) 0-32%
Median 49.0 489
IQR 377,514 45.4, 55.6
Lipids (g/4184 kJ per d) 324 84 33-3 6-1 0-64t
SFA (g/4184 kJ per d) 97 26 99 28 0-83t
PUFA (g/4184 kJ per d) 88 2.7 9-8 25 017t
MUFA (g/4184 kJ per d) 10-1 36 103 21 077t
n-3 (g/4184 kdJ per d)* 0-04%
Median 08 1.0
IQR 07,10 09, 1.3
Fibre (g/4184 kJ per d) 163 4.6 15.5 4.7 0-59t
Na (mg/4184 kJ per d) 0-77%
Median 6739 620-9
IQR 5182, 762-2 516-9, 886-6
K (mg/4184 kJ per d) 1483-2 3047 1567-6 325.5 0-37t
Mg (mg/4184 kJ per d) 150-5 296 1552 341 0-63t
Ca (mg/4184 kJ per d) 607-7 1917 580-9 2175 0-661

DASH, Dietary Approaches to Stop Hypertension.

* The average of the nutrient values reported in the 8th and 12th weeks of intervention was used to estimate food consumption using intention-to-treat analysis.

1 Independent t test.
1 Mann-Whitney U test.

Table 4. Proportion of energy intake during pregnancy from foods with different levels of processing by women with diabetes mellitus, per study group

(Maternidade Escola-UFRJ, 2016-2019, Rio de Janeiro, Brazil)*

(Mean values and standard deviations; median values and interquartile ranges (IQR))

Control group (n 16)

DASH group (n 20)

Con. 3

Con. 5

Con. 3 Con. 5

Variables Mean SD

Mean

Mean SD Mean SD

s Pf Pt Pt P§

Unprocessed/minimally processed foods (%TEI/d) 715 9.9 615

Processed culinary ingredients (%TEI/d) 97 4.7 101
Processed foods (%TEI/d) 31 4.6 6-2
Ultraprocessed foods (%TEI/d) 157 92 223

101 <0-01 63-0 10-2 677 107 010 005 085
4.8 072 10-0 4.6 10-8 33 044 089 058
71 017 89 71 9-1 85 093 083 028

16-0 0-03 18-2 85 124 96 005 032 001

DASH, Dietary Approaches to Stop Hypertension; TEI, total energy intake; con., consultation.
* Intervention time at con. 3: 7-4 weeks, IQR 5-0, 12.0; intervention time at con. 5: 16-5 weeks, IQR 12-3, 20-0. Analysis performed per-protocol.

1 Paired t test used for intra-group comparison.
1 Student’s t test used for between-groups comparison at con. 3.
§ Independent t test used for between-groups comparison at con. 5.

In the per-protocol analysis, the DASH-based intervention
yielded better glycaemic control after 12 weeks of intervention
than the standard diet (P=0-01), where the incidence of glycae-
mic control was lower (incidence rate ratio 0-47; P=0-02). This
result was borderline significant according to the ITT analysis
(P=0-06, data presented in online Supplementary material).
Per-protocol and ITT associations did not change even after
adjusting for the proportion of energy from UPF in the diet (data
not shown). No statistically significant association was observed
with glycaemic control after 8 weeks of intervention in any of the
analyses (Table 5, online Supplementary material).

Regarding fasting and postprandial
which were analysed continuously, no statistically significant
differences were found between or within the groups in the
per-protocol (Table 5) or ITT analysis (online Supplementary
material). Although no significant difference was found, the

plasma glucose,

median values of fasting and postprandial plasma glucose levels
observed in the DG were lower than in the CG, both
after 8 weeks of intervention (—0-1 mmol/l, P=0-43, for fasting
plasma glucose and —0-2 mmol/l, P=0-67, for 1-h postprandial
plasma glucose) and after 12 weeks (—0-7 mmol/l, P=0-14, for
fasting plasma glucose and —0-5 mmol/l, P=0-86, for 1-h post-
prandial plasma glucose). Figs. 2 and 3 show the distribution of
median plasma glucose levels in the groups throughout the study.

A direct association was observed between the consumption
of UPF and postprandial plasma glucose (Fig. 4). In the analysis of
the total sample, the women whose UPF consumption was in the
upper quartile (>23-5 % of TED had higher median 1-h postpran-
dial plasma glucose than the women in the first, second and third
quartiles (9-1 mmol/1, IQR 7-8, 10-7 v. 7-3 mmol/], IQR 6-1, 85,
P=0-02, Fig. 4). A similar association was found when this analy-
sis was performed within the CG (10-5 mmol/l, IQR9-2,11-7v.7-3
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Table 5. Fasting plasma glucose, postprandial plasma glucose and glycaemic control of pregnant women with diabetes mellitus, by intervention time and
study group (Maternidade Escola-UFRJ, 2016-2019, Rio de Janeiro, RJ, Brazil)*
(Median values and interquartile ranges (IQR); numbers and percentages; incidence rate ratios (IRR) and 95 % confidence intervals)

Control group DASH group
Glucose/time n Median IQR Pt n Median IQR Pt Pt
Fasting (mmol/l)
8 weeks 14 5.3 35,63 23 52 47,70 042
12 weeks 13 57 51, 71 0-95 15 51 4.3,5.7 017 013
Postprandial (mmol/l)
8 weeks 14 77 68,95 20 74 6-3, 9-6 0-66
12 weeks 12 79 62,92 0-89 14 74 6-6,9-6 0-96 0-86
Control group DASH group
Glycaemic control/time n % n % P IRR§ 95 % ClI Pl
8 weeks
Good glycaemic control 4 286 9 45.0 0-331 091 074, 1-11 0-38
Poor glycaemic control 10 71-4 11 55.0
12 weeks
Good glycaemic control 1 8-3 8 571 0-01* 047 0-25, 0-88 0-02
Poor glycaemic control 11 91.7 6 42.9

DASH, Dietary Approaches to Stop Hypertension.
* Analysis performed per-protocol.

1 For the within-groups analysis performed using the Wilcoxon test, the n was: fasting glucose (control group n 8; DASH group n 11); postprandial glucose (control group n 8; DASH

group n 12).
1 Mann-Whitney U test.
§ Model adjusted by the intervention time (in days).
|l Poisson regression.
94 test.

** Fisher's exact test.
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Fig. 2. Fasting plasma glucose 8 and 12 weeks after introduction of the control
diet (CG) or Dietary Approaches to Stop Hypertension (DASH) diet (DG). Values
are expressed as medians. Comparison between study groups was obtained
using the Mann—-Whitney U test. Intra-group comparison was obtained using
the Wilcoxon test. Analysis was performed per-protocol. NS, no statistical differ-
ence. Intervention period: m=m, 8 weeks; , 12 weeks. To convert mg/dl to
mmol/l, multiply by 0-0555.

mmol/l, IQR 6-1, 82, P=0-01; data not shown). In the DG,
although higher median postprandial glycaemia was observed
in the upper quartile of UPF consumption, the difference was
not statistically significant (8:7 mmol/l, IQR 6-9, 10-0 v. 7-3
mmol/l, IQR 6-2, 9-8, P=0-38; data not shown).

Discussion

The adapted DASH diet was found to improve the glycaemic
control of women with PGDM after 12 weeks of intervention.
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Fig. 3. Postprandial plasma glucose 8 and 12 weeks after introduction of the
control diet (CG) or Dietary Approaches to Stop Hypertension (DASH) diet
(DG). Values are expressed as medians. Comparison between study groups
at both times was obtained using the Mann—Whitney U test. Intra-group com-
parison was obtained with the Wilcoxon test. Analysis was performed per-pro-
tocol. NS, no statistical difference. Intervention period: mmm, 8 weeks; , 12
weeks. To convert mg/dl to mmol/l, multiply by 0-0555.

However, there was no statistically significant difference
between the groups regarding fasting and 1-h postprandial
plasma glucose. Nutritional guidance based on the DASH
diet also resulted in lower UPF consumption after 12 weeks of
intervention, and an association between UPF consumption
and 1-h postprandial plasma glucose was demonstrated after
8 weeks of intervention in the total sample and in the CG.
Asemi et al 7® who evaluated the consumption of the DASH
diet by women with gestational DM in Iran for 4 weeks, found
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Fig. 4. Postprandial plasma glucose value at 1 h according to the consumption
of ultraprocessed foods (UPF) 8 and 12 weeks after commencement of interven-
tion, regardless of the study group. Values are expressed as medians.
Comparison between the quartiles of UPF in proportion to total energy intake
(TEI) at both times obtained using the Mann—Whitney U test. Interquartile com-
parison, obtained using the Wilcoxon test. Analysis performed per-protocol.
* P=0-02. NS, no statistical difference. Intervention period: m=m, 8 weeks;
, 12 weeks. To convert mg/dl to mmol/l, multiply by 0-0555.

that fasting plasma glucose values were 0-47 and 0-3 mmol/I®
lower with the DASH diet than with the control diet. In the
present study, we observed that the values of the DG were
0-1 mmol/l lower after 8 weeks and 0-7 mmol/l lower after
12 weeks of intervention than the corresponding values of the
CG. Regarding 1-h postprandial plasma glucose, we found less
marked differences when comparing plasma glucose values
between the groups: 0-2 and 0-5 mmol/l lower after 8 and
12 weeks of intervention, ». the 0-9 mmol/l reduction found
by the authors in Iran®.

In a case—control study with 460 healthy women with gesta-
tional DM, an inverse relationship between the DASH diet and
fasting glucose was demonstrated. Women in the highest
DASH tertiles had significantly lower plasma glucose concentra-
tions (mean 5-3 mmol/l) than those in the lowest tertile (6-3
mmol/DU, Although we did not find any difference between
the study groups’ fasting and postprandial blood glucose values,
the values of the women from the DG were within those recom-
mended by committees specialised in DM®>,

Adequate glycaemic control is important for preventing com-
plications related to DM during pregnancy, but in clinical prac-
tice, it is very difficult to achieve, especially by women with
PGDM%“?, In a retrospective cohort study to determine the rela-
tionship between glycaemic control and pregnancy outcomes,
Buhary et al.“® analysed data from a sample of 325 women with
gestational DM. While 53-1 % of the women had good glycaemic
control, only 24-2 % with type 2 DM and 16:9 % with type 1 DM
kept their plasma glucose under control.

In our study, 53-0 % of the participants achieved good glycae-
mic control after 12 weeks of intervention. Also, 45-0 and 57-1 %
of the women from the DG showed good glycaemic control after
8 and 12 weeks of intervention, respectively. Indeed, the levels
of glycaemic control observed in the DG were higher than those
observed in other studies conducted with women with PGDM at
the same maternity hospital, where on average 35-5% of the
women achieved good glycaemic control in the third trimester
of pregnancy 7%,

The better glycaemic control observed among the women
who received nutritional guidance based on the DASH diet
can be explained by the lower carbohydrate intake of this group,
even though this difference was not statistically significant. Tt
could also be justified by the quality of the carbohydrates stimu-
lated in this diet, which tend to have a low glycaemic index.
There is a consensus about the impact that the quality and quan-
tity of carbohydrates have on glycaemic response®*7.,

The women in the DG also consumed more 7-3 fatty acids
than the women on the standard diet. The role this fat plays in
reducing inflammatory markers has an impact on insulin sensi-
tivity“849)_Finally, the better glycaemic control in the DG may be
due to the lower consumption of UPF. Our analyses identified a
direct association between UPF consumption and postprandial
plasma glucose. Da Silva'”)
sumption was associated with HbAlc and postprandial glycae-
mia in women with PGDM. In this study, a 4-184 kJ (1 kcal)
increase in TEI from UPF corresponded to a 0-007 % increase
in HbAlc and a 0-007 mmol/l increase in postprandial glucose
in the third trimester of pregnancy.

The consumption of UPF is closely correlated with the
overall quality of a diet and is associated with an unfavourable
nutritional profile®. A study of the relationship between UPF
consumption and the dietary content of nutrients with a protec-
tive effect or associated with a predisposition to non-communi-
cable diseases found a positive association between UPF and the
proportion of dietary sugar and a significant inverse relationship
between UPF and dietary fibre content in the diet in all eight
countries where these associations were studied'?. This is con-
sistent with Fardet®”, who found a correlation between the
degree of food processing and glycaemic response. In this study,
the more processed the food, the greater the impact on plasma
glucose. The high sugar content and low supply of dietary fibre
characteristic of UPF could be behind the association we found
between it and plasma glucose.

The average consumption of UPF by the women in our
research was 22-6 and 35-7 % lower than that of healthy pregnant
women in Rio de Janeiro and the USA, respectively'®!?. This
difference could be partially explained by the fact that in these
studies, there was no differentiation between the varieties of
bread consumed, all of which were classified as UPF. The
Dietary Guidelines for the Brazilian Population classifies breads
prepared with wheat flour, yeast, water and salt as PF. We fol-
lowed this guide to categorise bread in our study®. This is
reflected in the PF consumption found in our study, which came
out three times higher than in a study of healthy Brazilian preg-
nant women conducted by Alves-Santos et al.!'®.

Itis also likely that women with PGDM are already more con-
cerned about their diet, possibly having already received nutri-
tional therapy, since it is recommended for all people with
DM®>. Another consideration has to do with the fact that the
women in our study received prenatal nutritional care at a refer-
ral hospital for pregnancy complicated by DM, which included
multidisciplinary monitoring and a set schedule of individual
appointments with a nutritionist and group nutritional education
actions, which may have contributed to the lower percentage of
UPF consumed, regardless of the diet followed. The effective-
ness of this strategy is confirmed in a previous study with women

also demonstrated that UPF con-
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with DM at the same maternity unit, 16-1% of whose energy
intake came from UPF"7,

In addition, the improved eating habits of the women from
the DG during pregnancy, marked by a reduced consumption
of UPF and increased intake of fresh or minimally PF, may be
down to the characteristics of the DASH diet, which encourages
the consumption of unprocessed and minimally PF such as fruits,
vegetables, whole grains and low-fat dairy products, while dis-
couraging highly PF and foods with high energy density and high
Na, sugar, and saturated and trans fat content%-12).

In the 24 HR, the women from the DG reported consuming
fewer biscuits and crackers, which may indicate a decision to
eat healthier snacks. The consumption of healthier snacks, fol-
lowing the guidance of a culturally adapted DASH diet, has been
described in African Americans with hypertension®V.
Interestingly, sliced wholemeal bread, the UPF most cited by
the women who received guidance based on the DASH diet,
is actually considered a reformulated or ‘premium’ UPF because
it has added fibre, vitamins and minerals, despite being categor-
ised as ultraprocessed. Therefore, it is important to provide guid-
ance on how to read labels and choose the healthiest options®®.

There was no statistically significant difference between the
study groups in the consumption of key nutrients from the
DASH diet, such as Ca and Mg. The variation in the adherence
to the diets observed in the two groups throughout the study,
in addition to Brazilian cultural eating habits, could help explain
this finding®?. In addition, the diet that is traditionally used at the
maternity unit where the trial was run, which specialises in pre-
natal care for women with DM and was defined in our study as a
control diet, already advises a high consumption of fruits, vege-
tables and reduced-fat dairy products. The benefits of this nutri-
tional care in outcomes such as macrosomia and glycaemic
profile have been described elsewhere'”>®. This may also
explain why we did not find more significant differences in
plasma glucose between the two diets.

Our study has certain limitations. The plasma glucose levels
used were dependent on the timing of the routine prenatal care
blood tests, making it difficult to standardise the collection date.
Accordingly, there were some gaps in the fasting and postpran-
dial plasma glucose data at the intervention times analysed. For
the same reason, plasma glucose values could not be assessed at
baseline. Similarly, we have no information on the participants’
diet at baseline to classify it into the food processing groups used
in the study; the 24 HR were only performed after the interven-
tion had begun. Although no statistically significant differences
were found between the study groups at enrolment, including
variables that are known to be associated with plasma glucose
and UPF consumption, such as age, education and, pre-preg-
nancy BMI, we may not confirm that the groups are comparable
at the baseline and interpretation of the results needs to be done
in light of these considerations->%4-57,

The groups were slightly unbalanced in terms of the number
of participants. We believe this is due to the randomisation
method used for such a small sample size. We assume that as
the number of participants increased, this imbalance would be
corrected. Nonetheless, we would stress that the randomisation
was effective in forming similar groups, as described in Table 2.
Follow-up losses and the modest sample size meant the study

had limited power to detect significant small to medium effect
sizes associations, and this should be kept in mind when inter-
preting non-significant results.

One strength of our study is the evaluation of food consump-
tion by means of 24 HR, which, despite being subject to under-
estimation and overestimation bias and being influenced by the
individual’s capacity to remember and accurately report the
foods consumed®®, is considered to have high potential for col-
lecting data on food consumption where the objective is to esti-
mate intake from the perspective of the level of food
processing®?. The interviewers who administered the 24 HR
questionnaires were given specific training and followed stan-
dard procedures®>3. In addition, patients were subsequently
contacted by phone when it was not clear what type or brand
of food they had reported, which made the classification of
the foods quite accurate. Finally, another factor to be considered
is novelty, since this is the first study that evaluated the impact of
the DASH diet on the glycaemic control of pregnant women
with PGDM.

To conclude, we found that the adoption of the DASH diet
adapted to Brazilian dietary habits resulted in the improved gly-
caemic control of women with PGDM after 12 weeks of interven-
tion in comparison with a control diet. Nutritional guidance
based on the DASH diet also contributed to a lower consumption
of UPF as the number of appointments with the nutritionist
increased and adherence to the guidelines improved. This lower
consumption may favour the glycaemic profile, since the highest
quartile of UPF intake (>23:5% of TED was associated with
higher postprandial plasma glucose during pregnancy. The
results therefore suggest that the adoption of the adapted
DASH diet may provide better glycaemic control and contribute
to lower UPF consumption, constituting a promising nutritional
intervention strategy in assisting pregnant women with PGDM.
However, further studies should be conducted to understand
and highlight the effect of the DASH diet on glycaemic profile
and to evaluate its effectiveness for women with PGDM.
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