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Background & aims: Pregnancy-induced hypertension (PIH) is a pregnancy-specific disorder that in-
creases maternal and infant mortality and morbidity. The quantity and quality of consumed carbohy-
drates are probably the main dietary factors affecting blood pressure. The present study aimed to
evaluate the association of carbohydrate quality and quantity with PIH.
Methods: This case—control study was performed on 202 pregnant women with or without PIH. The
dietary data were collected using 168-item semi-quantitative food frequency questionnaires. Daily gly-
cemic index (GI) and glycemic load (GL), ratio of whole grains to total grains, ratio of solid carbohydrates
to total carbohydrates, dietary fiber and carbohydrate intake, and carbohydrate quality index (CQI) were
calculated and their associations with PIH were evaluated using logistic regression. We eliminated
collinearity within independent variables using factor analysis and then with evaluating the relationship
between extracted factors and PIH.
Results: In pregnant women in whom the daily carbohydrate intake and GL were higher than median
increased frequency of PIH compared to whom had lower than median ones (OR = 3.23, 95% ClI 1.46—7.17,
and P = 0.004; OR = 2.60, 95% CI 1.21-5.56; and P = 0.035, respectively). Furthermore, we showed a
significant inverse association between extracted factor that was mostly related to total fiber intake
frequency of PIH (OR = 0.45; 95% C1 0.20—0.97, and P = 0.049 when higher than median values compared
to lower than ones). The GI, ratio of whole grains to total grains, ratio of solid carbohydrates to total
carbohydrates, and CQI did not associate with PIH.
Conclusions: These findings suggest that carbohydrate intake and GL are related to higher and daily fiber
intake to lower frequency of PIH.

© 2019 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights

reserved.

Keywords:

Pregnancy induced hypertension
Dietary carbohydrate

Quality of carbohydrate
Quantity of carbohydrate

1. Introduction

Pregnancy-induced hypertension (PIH) is one of the most
common causes of maternal, foetal and neonatal mortality and
morbidity in developed and developing countries [1]. In women,
pregnancy-related hypertension unmasks predispositions for

Abbreviations: CQI, carbohydrate quality index; CVD, cardiovascular disease; GI,
glycemic index; GL, glycemic load; PIH, pregnancy induced hypertension.
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future hypertension and associates with risks of cardiovascular
disease (CVD) [2]. The global prevalence of PIH is between 0.4% and
3.6% and it contributed up to 8% of all maternal deaths [3]. PIH is
defined as a systolic blood pressure of equivalent or more than
140 mm Hg; or a diastolic blood pressure of equivalent or more
than 90 mm Hg beginning at 20 weeks of gestation without pro-
teinuria [4]. The etiology of PIH is related to inflammatory re-
sponses, oxidative stress, endothelial dysfunction, genetic, and
dietary factor [1].

Dietary habits and specific nutrient intakes are major de-
terminants in the progression and development of hypertension
[5]. Results from studies show an association between quantity and
quality of consumed carbohydrates with CVD risk factors including
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blood pressure, insulin and lipids [6,7]. According to Dietary Ap-
proaches to Stop Hypertension, higher carbohydrate quality is
associated with solid carbohydrates, dietary fiber, and whole grains
and low glycemic foods, refined grains and liquid carbohydrates
such as sugar-sweetened beverages [8]. Although dietary carbo-
hydrates have been involved in metabolic features of nutrition-
related diseases, this relation is poorly understood [9]. Previous
dietary studies have focused on effects of the quantity of carbo-
hydrates on hypertension [7]. It has also been suggested that the
quality of carbohydrates [10], glycaemic index (GI) [11], glycaemic
load (GL) [11], whole grains [12], and dietary fiber [10] are associ-
ated with the risk of cardio-metabolic disease including hyper-
tension, obesity, insulin resistance, and raised serum cholesterol
concentrations [10—12]. To the best of our knowledge, no studies
have been reported the relationship between dietary carbohydrate
quality and PIH in a comprehensive manner such as carbohydrate
quality index (CQl), fiber content, and solid versus liquid forms [7].
Thus, as a first study we assessed the association between quantity
and quality of carbohydrates and the risk of PIH in an Iranian
population. We hypothesized that a higher CQI and lower quantity
would be associated with a lower risk of PIH.

2. Materials and methods
2.1. Subjects

This observational case—control study was done at the Shahid
Motahari Medical Teaching Center, (one of the main teaching
hospitals of Urmia University of Medical Sciences) from early
October 2015 to late February 2016. One hundred one patients with
PIH as cases and one hundred one normal pregnant women as
controls, seeking treatment at the Department of Obstetrics and
Gynecology of Shahid Motahari Hospital in Urmia, Iran, were
consecutively selected. Controls were pregnant women without
PIH after 20 wk of gestation and were like cases regarding exclusion
criteria. This study was conducted according to the guidelines laid
down in the Declaration of Helsinki and all procedures involving
human subjects were approved by the Ethics Committee at Urmia
University of Medical Sciences. Written informed consent was ob-
tained from all subjects.

2.2. Baseline definitions and measurements

The diagnostic criteria for PIH according to guidelines issued by
the National High Blood Pressure Education Program Working
Group, are blood pressure >140/90 after 20 wk of gestation,
without proteinuria [4]. Exclusion criteria for cases and controls
were having multiple gestations; chronic hypertension or history of
hypertension; pre-existing diabetes; history of renal disease and
cardiovascular disease; and abnormal thyroid hormone and lipid
profile concentrations. Following an initial screening for inclusion
and exclusion criteria eligible volunteers were scheduled for a
baseline visit.

2.3. General characteristics, anthropometrics and blood pressure
measurements

Age, occupation, number of deliveries, history of disease, phys-
ical activity, and diet were collected by an interview-administered
questionnaire. Standing height was measured without shoes, using
standard height scale to the nearest 0.1 cm and weight was
measured with a weight scale to the nearest 0.1 kg. Body mass
index (BMI) was calculated by taking the weight (kg) and dividing it
by the height squared (m?). Systolic blood pressure and diastolic
blood pressure were measured in the non-dominant arm after

5 min of rest. The same person took two readings in sitting position
with the forearm at the level of the heart using a validated mercury
sphygmomanometers device (MicrolifeBP AG1-10, China). The
mean of the two measurements used in the evaluations.

2.4. Assessment of food intake and physical activity measurement

Well-trained dietitian collected dietary data of past year after
the 20th week of pregnancy using 168-item semi-quantitative, self-
administered food frequency questionnaire (FFQ), through a face-
to-face education of participants with standard serving-sizes,
which had previously validated in the Tehran lipid and glucose
study [13]. Dietary data were analyzed by Nutritionist 4 software
(First Databank, Inc.; Hearst Corporation) modified for Iranian
foods. Physical activity was assessed by using the international
physical activity questionnaire short form.

2.5. Glycaemic index and glycaemic load

The GL was calculated by multiplying the carbohydrate content
of each food item by its value of GI. Each GL value is multiplied by its
replication of consumption and then the sum total of the GL values
is added to calculation daily GL of each participants. Each unit of
dietary GL indicates the equivalent of 1 g carbohydrate from
glucose. The dietary GI was calculated by dividing the average of
daily GL by the average of daily carbohydrate intake. The dietary GI
indicates the GL per unit of carbohydrate and represents the quality
of carbohydrate intake. The GI value for each food item was ob-
tained from the international table of GI [14], and from the publi-
cation that lists the GI of Iranian foods [15]. The daily GI value was
used for the analysis. If GI for foods had not been determined, a
value was assigned with the most similar food item.

2.6. Whole grains, refined grains, fiber, and solid carbohydrates

We estimated whole grain consumption according to the con-
sumption of corn, barely, bulgur, lentil, bean, chickpea, viciafaba,
split pea, and mung bean and other items defined as whole grains
and refined grain consumption defined as consumption of white
rice, pasta, white bread and snacks [16]. To obtain dietary fiber
intake of participants we used Nutritionist IV software (First
Databank) modified for Iranian foods. We classified carbohydrate
intake according to its physical form in room temperature so that
solid carbohydrate intake included all carbohydrate containing
solid foods. Liquid consumption defined as consumption of soft
drink, sugar-sweetened beverages, and artificial and natural
juices [10].

2.7. Carbohydrate quality index

According to data from the KNHANES survey, CQI included four
criteria: GI; total fiber intake (g day~'); ratio of solid carbohydrates
to total carbohydrates; and ratio of whole grains to total grains
(whole grains, refined grains and their products) [17]. For each of
these 4 components, participants were divided into quintiles and
received a value (ranging from 1 to 5) according to each quintile (1
to the lowest quartile and 5 to the highest quartile). In the case of GI
inverse to other components of CQI, the highest score appropriated
to the lowest quartile and vice versa. Finally, all values were added
to determine CQI, ranging from 4 to 20 [18].

2.8. Statistical analysis

All analyses were performed using the statistical software
package SAS, version 9.3 (SAS Institute, Cary, NC, USA) and SPSS
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version 21 (SPSS, Inc.). Differences in general characteristics be-
tween case and control groups were compared by using
independent-samples Student's t test (for continuous variables)
and chi-square (for categorical variables). Continuous and cate-
gorical data were presented as means + SD and frequency,
respectively. Dependent variables consist of daily GI and GL, ratio of
whole grains to total grains, ratio of solid carbohydrates to total
carbohydrates, dietary fiber and carbohydrate intake, and CQI were
stratified based on median. Values higher and lower than median
considered high and low level of these independent variables,
respectively. Three models of multivariable logistic regression an-
alyses were used in determining an association of quality and
quantity of dietary carbohydrate with PIH. Model 1 was crude
model and no confounder entered into the model. In model 2 pre-
pregnancy BMI and in model 3 age and education entered into the
model, too. These confounders entered into the model because they
were significantly different between cases and controls (P
value < 0.05, Table 1). Although pre-pregnancy weight was signif-
icantly different between cases and controls, it was not considered
as confounding factor due to high correlation with pre-pregnancy
BMI. Components of quality and quantity of carbohydrate as
dependent variables were highly correlated with each other. To
overcome the collinearity among dependent variables, highly
correlated components of quality and quantity of dietary

carbohydrate were extracted as factors, adopting an exploratory
factor analysis. In this analysis, in order to create a simple and
discriminating matrix, varimax rotation was applied. The number
of factors was determined based on a screen plot test, eigenvalue of
more than one (as Kaiser's Criterion) and the interpretability of
factors. Results are expressed as the odds ratios (OR) with 95%
confidence interval (CI) and a P value < 0.05 was considered
significant.

3. Results

The general characteristics of the study participants are pre-
sented in Table 1. The mean age, weight of starting pregnancy, and
pre-pregnancy BMI of healthy pregnant women were significantly
lower than women with PIH (P value < 0.05). We found that 45.5%
of women with PIH and 9.9% of healthy pregnant women were had
primary education (P value < 0.05). Therefore, we adjusted the
analyses for these confounders.

As shown in Table 2, after adjusting for pre-pregnancy BMI, age,
and education, in pregnant women in whom the daily carbohydrate
intake and GL were higher than median increased frequency of PIH
compared to whom had lower than median ones (OR = 3.23, 95% CI
1.46—717, and P = 0.004; OR = 2.60, 95% CI 1.21-5.56; and
P = 0.035, respectively). The GI, ratio of whole grains to total grains,

Table 1
Comparing the general characteristics of the subjects.”
Case (n = 101) Control (n = 101) P-value”
Age 30.6 +5.8 27.7+5.0 <0.001
Education [n (%)] <0.001
Uneducated or primary school 46 (45.5) 10(9.9)
Junior high school 43 (42.6) 60 (59.4)
Graduate 12 (11.9) 31(30.7)
Occupation [n (%)] 0.063
Yes 6 (28.6) 15(71.4)
No 95 (52.9) 86 (47.5)
Intake of herbal medicine [n (%)] 0.099
Yes 3(42.9) 4(57.1)
No 98 (50.3) 97 (49.7)
Intake of supplement [n (%)] 0.37
Yes 97 (49.2) 100 (50.8)
No 4 (80.0) 1(20.0)
Weight of starting pregnancy 73.6 +15.2 66.6 + 10.3 <0.001
Pre-pregnancy BMI 28.8 + 6.7 252 +39 <0.001
Number of deliveries [n (%)] 0.93
1 33(55) 27 (45)
2 30 (41.1) 43 (58.9)
>3 38 (55.1) 31 (44.9)
Physical activity [n (%)] 0.18
Light 3(100) 0(0)
Moderate 97 (49.2) 100 (50.8)
Heavy 1(50) 1(50)
Specific diet plan [n (%)] 0.99
Yes 4(57.1) 3(42.9)
No 97 (49.7) 98 (50.3)
Energy intake (kcal/d) 2709 + 35 2681 + 35 0.57
Protein (g/d) 80.8 + 1.5 828 + 1.8 0.44
Fat (g/d) 819+ 13 79.1 + 1.7 0.11
SFA (g/d) 24.7 + 4.6 245 +5.6 0.91
PUFA (g/d) 256 +0.9 350+18 0.28
MUFA (g/d) 60.8 +29.0 73.6 +39.4 0.79
Cholesterol (mg/d) 2272 +119 2274 +16.2 0.85
Carbohydrates (g/d) 396.1 +5.3 380.5+ 7.1 0.08
CQl 10.2 £ 0.2 10.6 + 0.2 023
Dietary fiber intake (g day-1) 234 +07 252 +0.5 0.06
Ratio of solid carbohydrates to total carbohydrates 0.97 + 0.003 0.97 + 0.002 0.16
GI 62.5 + 0.6 61.7 £ 0.6 0.34
Ratio of whole grains to total grains 2.0 + 0.07 2.0 +0.08 0.93
GL 2152 + 45 204.6 + 49 0.11

2 Values are means + SDs unless otherwise indicated. °CQI, carbohydrate quality index; GI, glycemic index; GL, glycemic load; and PIH, pregnancy induced hypertension.
b pvalues were computed by the independent-samples t test for continuous variables and by chi-square for categorical variables.
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Table 2
The raw and modified odds ratios and its 95% confidence interval for PIH.?
Model 1° Model 2¢ Model 3¢
OR 95% Cl P-value® OR 95% CI P-value® OR 95% ClI P-value®
CcQl 0.96 0.53-1.72 0.88 1.16 0.62—-2.18 0.63 143 0.65—-2.14 0.37
Carbohydrate intake (g day™!) 1.81 1.04-3.18 0.035 1.89 1.05-3.41 0.034 3.23 1.46-7.14 0.004
Dietary fiber intake (g day™!) 0.60 0.34-1.04 0.07 0.62 0.35-1.12 0.11 0.63 0.30-1.31 0.22
Ratio of solid carbohydrates to total carbohydrates 0.81 0.45-1.43 0.46 0.80 0.43—-1.46 0.47 0.91 0.42—-1.96 0.81
Gl 117 0.67—-2.03 0.57 1.62 0.65—-2.08 0.61 1.06 0.51-2.21 0.88
Ratio of whole grains to total grains 1.14 0.65—-2.04 0.57 13 0.72-1.33 0.38 1.42 0.67—3.02 0.35
GL 1.68 0.96-2.92 0.07 1.70 0.95—-3.06 0.08 2.60 1.21-5.56 0.015

2 CQl, carbohydrate quality index; GI, glycemic index; GL, glycemic load; and PIH, pregnancy induced hypertension.

b Crude model.

¢ Adjusted for pre-pregnancy BMI.
4 Adjusted for pre-pregnancy BMI, age, and education.

e

lower than median values.

ratio of solid carbohydrates to total carbohydrates, and CQI did not
associate with PIH.

To eliminate collinearity between independent variables, we
used factor analysis model and the association between extracted
factors and PIH was evaluated. The extracted factors and factor
loads of variables were outlined in Table 3. After adjusting for pre-
pregnancy BMI, age, and education, we found a significant positive
association between factor 2 that is mostly related to carbohydrate
intake and frequency of PIH (OR = 3.45; 95% CI 1.47-8.0; and
P = 0.004) and a significant inverse association between factor 3
that is mostly related to total fiber intake and frequency of PIH
(OR = 0.45; 95% CI 0.20—0.97; and P = 0.049 when higher than
median values compared to lower than ones) (Table 4).

4. Discussion

To our knowledge, the present study was the first attempt to
examine the association between carbohydrate quantity and
quality and PIH in an Iranian population. In this study, we showed
positive associations between total carbohydrate intake, factor 2
which highly loaded with carbohydrate intake, and dietary GL and
frequency of PIH and inverse association between factor 3 which
highly loaded with daily intake of fiber and PIH.

Carbohydrates represent the major macronutrient portion of the
diets, and both their quantity and quality has been independently
associated with pregnancy outcomes [19]. In this study we used GI,
fiber intake, solid carbohydrates, and whole grains as measures of
carbohydrate quality. Inconsistent with the study by Kim et al. [7],
which suggested that higher carbohydrate quality is related to a
lower prevalence of hypertension, we found no significant associ-
ation between CQI and risk of PIH. This discrepancy might be
explained by the difference in the type of disease and sample size.

Variables stratified into medians and logistic regression was employed to estimate the risk of pregnancy induced hypertension in higher than median values compared to

There is ongoing scientific interest relating to whether the
quality of carbohydrates, as measured by GI or GL and intake of
sugar-sweetened drinks, whole grains and dietary fiber, might be
more important than the quantity of carbohydrates for reducing
the risks for hypertension [8,11,20]. In this study, we found positive
associations between total carbohydrate intake and risk of PIH,
findings is consistent with the result of Kim et al. [7] that demon-
strated high carbohydrate intake has been associated with higher
risk of obesity and hypertension; however, there are weaknesses in
the causal relationship.

The adverse metabolic responses to diets with a high GL or GI
are intensified by insulin resistance because increasing demand of
insulin is needed to compensate for the increased GI [21]. It has
been suggested that the effects of a high glycemic diet could
considerably differ in subjects depending on their levels of
adiposity as a major determinant of insulin resistance. A meta-
analysis of 8 prospective studies indicated harmful effect of high
dietary GI and GL on CVD [22]. Ferrannini et al. [23] found that a
high dietary GL apparently induces hyperglycemia and hyper-
insulinemia can lead, in turn, to hypertension which can increase
the risk of CVD.

In the current study, although dietary fiber intake and whole
grain were not associated with PIH, but Factor 3 which was highly
loaded with dietary fiber was inversely associated with PIH.
Regarding high load of fiber in this factor compared to other
components we could assume that when high intake of fiber
accompanied with high CQI, ratio of whole grains to total grains,
and GL, could reduce frequency of PIH. It has been suggested a
potential role for increasing dietary fiber intake in prevention of
hypertension and its cardiovascular complications [24]. According
to the American Society for Nutrition, consumption of foods rich in
cereal fiber is associated with a reduced risk of CVD [25]. Previous

Table 3
Rotated factor loadings of the major factors from highly correlated components of quality and quantity of dietary carbohydrate were extracted adopting an exploratory factor
analysis.®
Loadings”
Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6 Factor 7
CQl 0.97 0.11 -0.13 0.19
Carbohydrate intake (g day™") 0.99 0.12
Crude fiber intake (g day~') 0.11 0.97 0.13
Ratio of solid carbohydrates to total carbohydrates 0.99
GI -0.14 0.95 -0.14 0.20
Ratio of whole grains to total grains 0.20 0.10 -0.14 0.95
GL 0.13 0.14 0.20 0.95

2 Factor loadings <0.1 are excluded for simplicity. CQIl, carbohydrate quality index; GI, glycemic index; and GL, glycemic load.
b Factor 1 is mostly related to CQI, Factor 2 to carbohydrate intake, Factor 3 to crude fiber intake, Factor 4 to ratio of solid carbohydrates to total carbohydrates, Factor 5 to
dietary glycaemic index, Factor 6 to ratio of whole grains to total grains, and Factor 7 to dietary glycaemic load.
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Table 4

The raw and modified odds ratios and its 95% confidence interval for PIH in seven factors of highly correlated components of quality and quantity of consumed carbohydrate

extracted using factor analysis.”

Model 1° Model 2¢ Model 3¢

OR 95% CI P-value® OR 95% CI P-value® OR 95% Cl P-value®
Factor 1 0.76 0.42—-1.35 0.34 0.82 0.45—1.52 0.54 0.63 0.28—-0.43 0.27
Factor 2 2.14 1.17-3.19 0.013 2.21 1.18-4.16 0.014 3.45 1.47-8.0 0.004
Factor 3 0.45 0.25-0.80 0.007 0.46 0.25-0.85 0.014 0.45 0.20-0.97 0.049
Factor 4 0.77 0.44—1.38 0.38 0.56 0.30—1.06 0.08 0.70 031-1.57 0.40
Factor 5 0.82 0.46—1.46 0.50 0.81 0.44—-1.50 0.51 0.64 0.29-141 0.27
Factor 6 1.51 0.66—3.44 0.33 1.39 0.45—-4.29 0.56 1.19 0.55—-2.58 0.66
Factor 7 1.27 0.70—1.31 0.43 1.23 0.65—-2.30 0.52 1.48 0.66—3.31 0.34

@ Factor 1 is mostly related to carbohydrate quality index, Factor 2 to carbohydrate intake, Factor 3 to crude fiber intake, Factor 4 to ratio of solid carbohydrates to total
carbohydrates, Factor 5 to dietary glycaemic index, Factor 6 to ratio of whole grains to total grains, and Factor 7 to dietary glycaemic load.

b Crude model.
¢ Adjusted for pre-pregnancy BMI.
4 Adjusted for pre-pregnancy BMI, age, and education.

€ Variables stratified into medians and logistic regression was employed to estimate the frequency of pregnancy induced hypertension in higher than median values

compared to lower than median values.

studies found an inverse association of dietary fiber with CVD
mortality risk [26], which is in line with two prospective studies
have examined the relationship between dietary fiber intake and
the risk of hypertension [27,28]. Two meta-analysis studies showed
that increasing fiber consumption in the general population may
contribute to the prevention of hypertension [29,30]. Several
mechanisms have been suggested that dietary fiber can reduce the
risk of hypertension. The potential mechanisms that could explain
the relation to the dietary fiber consumption and prevention to
high blood pressure are their effect on satiety which may lead to
lower insulin responses. Besides, dietary fiber is accompanied by
more micronutrients and phytochemicals and which could be
associated with improving endothelial function and insulin sensi-
tivity [31,32].

One of the limitations of the present study is its case—control
design, in which cause and effect relationship is not determined.
We tried to match cases and controls regarding to inclusion and
exclusion criteria. So these two groups were comparable in the
most of baseline characteristics. In some characteristics which
cases and controls were significantly different, we used three sta-
tistical models to control their effects. To obtain dietary fiber intake
of participants we used Nutritionist IV software (First Databank)
modified for Iranian foods. Our software program is probably as in
precise as all other similar instruments. In addition, the multivar-
iate analysis favors errors of type 1. The most important advantage
of the present study is that we estimated the levels of dietary intake
(e.g. solid or liquid carbohydrates, whole or refined grains, and total
fiber intake) based on a semi-quantitative FFQ modified for Iranian
foods, which might have been representative of a subject's typical
intake. In addition, the calculation of GL is probably of sufficient
validity in the light of the numerous other confounders in this kind
of investigations of intake of food.

5. Conclusion

In conclusion, these findings suggest that carbohydrate intake
and dietary GL is related to higher and daily fiber intake to lower
prevalence of PIH. Further investigations into the mechanisms
underlying the role of carbohydrate quantity and quality in the
development of hypertension are warranted.

Transparency Declaration

The lead author affirms that this manuscript is an honest, ac-
curate, and transparent account of the study being reported. The
lead author affirms that no important aspects of the study have

been omitted and that any discrepancies from the study as planned
have been explained.

Conflict of interests, source of funding and authorship

F Sanjarimoghaddam, F Bahadori, F Bakhshimoghaddam, and M
Alizadeh, no conflicts of interest.The authors' responsibilities were
as follows—MA and FS: conceived and designed the study and
analyzed the data; FB: provided material and technical support; FB:
wrote the manuscript; MA: critically revised the manuscript for
important intellectual content; and MA: had primary responsibility.
All authors read and approved the final manuscript.

Acknowledgements

We thank the Urmia University of Medical Sciences, for the fa-
cilities and financial support and the patients who participated in
this study. This article is based on data obtained from master's
thesis in Nutrition.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.clnesp.2019.06.001.

References

[1] Roberts JM, Balk JL, Bodnar LM, Belizdn JM, Bergel E. Anibal martinez nutrient
involvement in preeclampsia. ] Nutr 2003;133(5):1684—-92.

Bellamy L, Casas JP, Hingorani AD, Williams DJ. Pre-eclampsia and risk of
cardiovascular disease and cancer in later life: systematic review and meta-
analysis. BMJ 2007;335(7627):974.

Giilmezoglu AM, Say L, Betran AP, Villar |, Piaggio G. WHO systematic review
of maternal mortality and morbidity: methodological issues and challenges.
BMC Med Res Methodol 2004;4(1):16.

Gifford RWAP. Report of the national high blood pressure education program
working group on high blood pressure in pregnancy. Am J Obstet Gynecol
2000;183(1):1-15.

Chan Q, Stamler ], Griep LMO, Daviglus ML, Van Horn L, Elliott P. An update on
nutrients and blood pressure. ] Atheroscler Thromb 2016;23(3):276—89.

Lin PH, Chen C, Young DR, Mitchell D, Elmer P, Wang Y, et al. Glycemic index
and glycemic load are associated with some cardiovascular risk factors among
the PREMIER study participants. Food Nutr Res 2012;56(1):9464.

Kim DY, Kim SH, Lim H. Association between dietary carbohydrate quality and
the prevalence of obesity and hypertension. ] Human Nutr Diet 2018;31(5):
587-96.

Schwingshackl L, Bogensberger B, Hoffmann G. Diet quality as assessed by the
healthy eating index, alternate healthy eating index, dietary approaches to
stop hypertension score, and health outcomes: an updated systematic review
and meta-analysis of cohort studies. ] Acad Nutr Diet 2018;118(1):74—100.
Song S, Choi H, Lee S, Park JM, Kim BR, Paik HY, et al. Establishing a table of
glycemic index values for common Korean foods and an evaluation of the

[2

3

[4

[5

(6

[7

[8

(9


https://doi.org/10.1016/j.clnesp.2019.06.001
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref1
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref1
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref1
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref1
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref2
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref2
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref2
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref3
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref3
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref3
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref3
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref4
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref4
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref4
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref4
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref5
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref5
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref5
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref6
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref6
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref6
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref7
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref7
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref7
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref7
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref8
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref8
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref8
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref8
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref8
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref9
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

E. Sanjarimoghaddam et al. / Clinical Nutrition ESPEN 33 (2019) 158—163

dietary glycemic index among the Korean adult population. Korean ] Nutr
2012;45(1):80—93.

Santiago S, Zazpe I, Bes-Rastrollo M, Sanchez-Tainta A, Say6n-Orea C, de la
Fuente-Arrillaga C, et al. Carbohydrate quality, weight change and incident
obesity in a Mediterranean cohort: the SUN Project. Eur J Clin Nutr
2015;69(3):297.

Barclay AW, Petocz P, McMillan-Price ], Flood VM, Prvan T, Mitchell P, et al.
Glycemic index, glycemic load, and chronic disease risk—a meta-analysis of
observational studies. Am J Clin Nutr 2008;87(3):627—37.

Jacobs Jr DR, Meyer KA, Kushi LH, Folsom AR. Whole-grain intake may reduce
the risk of ischemic heart disease death in postmenopausal women: the lowa
Women's Health Study. Am ] Clin Nutr 1998;68(2):248—57.

Mirmiran P, Esfahani FH, Mehrabi Y, Hedayati M, Azizi F. Reliability and
relative validity of an FFQ for nutrients in the Tehran lipid and glucose study.
Publ Health Nutr 2010;13(5):654—62.

Foster-Powell K, Holt SH, Brand-Miller ]JC. International table of glycemic in-
dex and glycemic load values. Am ] Clin Nutr 2002;76(1):5—56.

Taleban FA, Eamayili M. Glycemic index of Iranian foods. Inst Nutr Food Res
Shahid Beheshty Univ 1990;2(1):4—10.

Lee S. Association of whole grain consumption with socio-demographic and
eating behavior factors in a Korean population: based on 2007-2008 Korea
National Health and Nutrition Examination Survey. Korean ] Community Nutr
2011;16(3):353—63.

Wolever TM, Nguyen PM, Chiasson JL, Hunt JA, Josse RG, Palmason C, et al.
Determinants of diet glycemic index calculated retrospectively from diet re-
cords of 342 individuals with non-insulin-dependent diabetes mellitus. Am ]
Clin Nutr 1994;59(6):1265-9.

Zazpe I, Sanchez-Tainta A, Santiago S, de la Fuente-Arrillaga C, Bes-
Rastrollo M, Martinez JA, et al. Association between dietary carbohydrate
intake quality and micronutrient intake adequacy in a Mediterranean cohort:
the SUN (Seguimiento Universidad de Navarra) Project. Br ] Nutr
2014;111(11):2000-9.

Walsh ]JM, McAuliffe FM. Impact of maternal nutrition on pregnancy
outcome—Does it matter what pregnant women eat? Best Pract Res Clin
Obstet Gynaecol 2015;29(1):63—78.

Malik VS, Popkin BM, Bray GA, Després JP, Willett WC, Hu FB. Sugar sweet-
ened beverages and risk of metabolic syndrome and type 2 diabetes: a meta-
analysis. Diabetes care 2010;33(11):2477—83.

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

163

Miller JC. Importance of glycemic index in diabetes. Am ] Clin Nutr
1994;59(3):747—-52.

Dong ]Y, Zhang YH, Wang P, Qin LQ. Meta-analysis of dietary glycemic load
and glycemic index in relation to risk of coronary heart disease. Am ] Cardiol
2012;109(11):1608—13.

Ferrannini E, Buzzigoli G, Bonadonna R, Giorico MA, Oleggini M, Graziadei L,
et al. Insulin resistance in essential hypertension. N Engl ] Med 1987;317(6):
350-7.

Flint AJ, Hu FB, Glynn R], Jensen MK, Franz M, Sampson L, et al. Whole grains
and incident hypertension in men. Am ] Clin Nutr 2009;90(3):493-8.

Cho SS, Qi L, Fahey Jr GC, Klurfeld DM. Consumption of cereal fiber, mixtures
of whole grains and bran, and whole grains and risk reduction in type 2
diabetes, obesity, and cardiovascular disease. Am ] Clin Nutr 2013;98(2):
594—-619.

Burger KN, Beulens JW, van der Schouw YT, Sluijs I, Spijkerman AM, Sluik D,
et al. Dietary fiber, carbohydrate quality and quantity, and mortality risk of
individuals with diabetes mellitus. PLoS One 2012;7(8):43127.

Ascherio A, Rimm EB, Giovannucci EL, Colditz GA, Rosner B, Willett WC, et al.
A prospective study of nutritional factors and hypertension among US men.
Circulation 1992;86(5):1475—84.

Ascherio A, Hennekens C, Willett WC, Sacks F, Rosner B, Manson ], et al.
Prospective study of nutritional factors, blood pressure, and hypertension
among US women. Hypertension 1996;27(5):1065—72.

Evans CE, Greenwood DC, Threapleton DE, Cleghorn CL, Nykjaer C,
Woodhead CE, et al. Effects of dietary fibre type on blood pressure: a sys-
tematic review and meta-analysis of randomized controlled trials of healthy
individuals. ] Hypertens 2015;33(5):897—911.

Streppel MT, Arends LR, van't Veer P, Grobbee DE, Geleijnse JM. Dietary fiber
and blood pressure: a meta-analysis of randomized placebo-controlled trials.
Arch Intern Med 2005;165(2):150—6.

Katz DL, Nawaz H, Boukhalil ], Chan W, Ahmadi R, Giannamore V, et al. Effects
of oat and wheat cereals on endothelial responses. Prev Med 2001;33(5):
476—-84.

Fukagawa NK, Anderson JW, Hageman G, Young VR, Minaker KL. High-car-
bohydrate, high-fiber diets increase peripheral insulin sensitivity in healthy
young and old adults. Am ] Clin Nutr 1990;52(3):524—8.


http://refhub.elsevier.com/S2405-4577(19)30029-4/sref9
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref9
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref9
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref10
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref10
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref10
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref10
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref10
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref10
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref11
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref11
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref11
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref11
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref11
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref12
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref12
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref12
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref12
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref13
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref13
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref13
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref13
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref14
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref14
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref14
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref15
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref15
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref15
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref16
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref16
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref16
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref16
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref16
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref17
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref17
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref17
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref17
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref17
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref18
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref18
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref18
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref18
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref18
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref18
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref18
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref19
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref19
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref19
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref19
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref19
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref20
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref20
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref20
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref20
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref20
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref21
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref21
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref21
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref22
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref22
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref22
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref22
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref23
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref23
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref23
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref23
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref24
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref24
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref24
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref25
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref25
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref25
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref25
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref25
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref26
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref26
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref26
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref27
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref27
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref27
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref27
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref28
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref28
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref28
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref28
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref29
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref29
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref29
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref29
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref29
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref30
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref30
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref30
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref30
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref31
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref31
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref31
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref31
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref32
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref32
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref32
http://refhub.elsevier.com/S2405-4577(19)30029-4/sref32

	Association between quality and quantity of dietary carbohydrate and pregnancy-induced hypertension: A case–control study
	1. Introduction
	2. Materials and methods
	2.1. Subjects
	2.2. Baseline definitions and measurements
	2.3. General characteristics, anthropometrics and blood pressure measurements
	2.4. Assessment of food intake and physical activity measurement
	2.5. Glycaemic index and glycaemic load
	2.6. Whole grains, refined grains, fiber, and solid carbohydrates
	2.7. Carbohydrate quality index
	2.8. Statistical analysis

	3. Results
	4. Discussion
	5. Conclusion
	Transparency Declaration
	Conflict of interests, source of funding and authorship
	Acknowledgements
	Appendix A. Supplementary data
	References


