
University of North Florida University of North Florida 

UNF Digital Commons UNF Digital Commons 

UNF Graduate Theses and Dissertations Student Scholarship 

2020 

Diabetes Risk Status and Physical Activity in Pregnant Women: Diabetes Risk Status and Physical Activity in Pregnant Women: 

U.S. BRFSS 2011, 2013, 2015, 2017 U.S. BRFSS 2011, 2013, 2015, 2017 

Bethany Rand 
n00829141@unf.edu 

Follow this and additional works at: https://digitalcommons.unf.edu/etd 

 Part of the Clinical Epidemiology Commons, Community Health and Preventive Medicine Commons, 

Endocrinology, Diabetes, and Metabolism Commons, Maternal and Child Health Commons, Obstetrics 

and Gynecology Commons, Preventive Medicine Commons, Reproductive and Urinary Physiology 

Commons, Sports Sciences Commons, and the Women's Health Commons 

Suggested Citation Suggested Citation 
Rand, Bethany, "Diabetes Risk Status and Physical Activity in Pregnant Women: U.S. BRFSS 2011, 2013, 
2015, 2017" (2020). UNF Graduate Theses and Dissertations. 935. 
https://digitalcommons.unf.edu/etd/935 

This Master's Thesis is brought to you for free and open 
access by the Student Scholarship at UNF Digital 
Commons. It has been accepted for inclusion in UNF 
Graduate Theses and Dissertations by an authorized 
administrator of UNF Digital Commons. For more 
information, please contact Digital Projects. 
© 2020 All Rights Reserved 

http://digitalcommons.unf.edu/
http://digitalcommons.unf.edu/
https://digitalcommons.unf.edu/
https://digitalcommons.unf.edu/etd
https://digitalcommons.unf.edu/student_scholars
https://digitalcommons.unf.edu/etd?utm_source=digitalcommons.unf.edu%2Fetd%2F935&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/815?utm_source=digitalcommons.unf.edu%2Fetd%2F935&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/744?utm_source=digitalcommons.unf.edu%2Fetd%2F935&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/686?utm_source=digitalcommons.unf.edu%2Fetd%2F935&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/745?utm_source=digitalcommons.unf.edu%2Fetd%2F935&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/693?utm_source=digitalcommons.unf.edu%2Fetd%2F935&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/693?utm_source=digitalcommons.unf.edu%2Fetd%2F935&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/703?utm_source=digitalcommons.unf.edu%2Fetd%2F935&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1001?utm_source=digitalcommons.unf.edu%2Fetd%2F935&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1001?utm_source=digitalcommons.unf.edu%2Fetd%2F935&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/759?utm_source=digitalcommons.unf.edu%2Fetd%2F935&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1241?utm_source=digitalcommons.unf.edu%2Fetd%2F935&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.unf.edu/etd/935?utm_source=digitalcommons.unf.edu%2Fetd%2F935&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:lib-digital@unf.edu
http://digitalcommons.unf.edu/
http://digitalcommons.unf.edu/


   
 

   
 

 

  

 

 

 

DIABETES RISK STATUS AND PHYSICAL ACTIVITY IN PREGNANT WOMEN:  

U.S. BRFSS 2011, 2013, 2015, 2017. 

by  

Bethany Grace Rand 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A thesis submitted to the Department of Clinical & Applied Movement Sciences in partial 
fulfillment of the requirements for the degree of Master of Science in Exercise Science and 

Chronic Disease  

UNIVERSITY OF NORTH FLORIDA  

BROOKS COLLEGE OF HEALTH  

May 2020 



ii 
 

   
 

 

 

 

 

 

 

 

 

 

 

 

 

 



iii 
 

   
 

Dedication & Acknowledgements  

 Completing a master’s thesis is not without its challenges and I am immensely grateful 

for all the people who have helped me overcome them. This thesis is dedicated to my parents, 

Will and Chrissy Rand, whose love and encouragement have been constant and steadfast 

throughout the journey and my entire life. You taught me to ask hard questions and to use my 

talents to make the world better. I would also like to thank my partner and best friend, Tyler 

Hallenbeck, whose patience, inspiration, and support has given me the strength to persevere. 

I would like to sincerely thank the faculty of the UNF Clinical and Applied Movement 

Sciences Department, and my marvelous committee members including Dr. Tammie Johnson, 

Dr. Samantha Ehrlich, Dr. Laurie Wideman, and Dr. James Pivarnik. Their guidance and 

leadership in this project have been invaluable to me. Thank you to Dr. Ryan Richardson for 

going out of your way to help me and for being a source of clarity in strenuous times. To my 

colleagues, Chakene Rogers and Daniela Charry, I thank for your encouragement, assistance, and 

friendship this past year. To Michelle Stone, none of this would have been possible without your 

support, both as a colleague and a dear friend.  

Finally, I would like to thank Dr. James Churilla, my committee chairperson and program 

director for giving me the opportunity to grow as a scholar and as a person. You have been an 

absolute joy and inspiration to learn from as a teacher and a scientist, setting the bar high for my 

own professional goals.  

 

 

 

 



iv 
 

   
 

 

Table of Contents 

List of Tables……………………………………………………………………………………vii 

List of Figures………………………………………………………………………………….viii 

Nomenclature……………………………………………………………………………………ix 

List of Abbreviations…………………………………………………………………………….x 

Abstract…………………………………………………………………………………………xii 

Chapter One: Introduction……………………………………………………………………...1 

 Background……………………………………………………………………………......2 

  Gestational Diabetes………………………………………………………………3 

  Prediabetes………………………………………………………………………...6 

  Type 2 Diabetes…………………………………………………………………...6 

  PA in Pregnancy………………………………………………………………......7  

  Estimated Prevalence of PA in Pregnancy………………………………………...9 

  Barriers to PA in Pregnancy……………………………………………………..10 

 Abbreviated Literature Review…………………………………………………………11 

Purpose & Study Aim……………………………………………………………………11 

Project Description ……………………………………………………………………....12 

References…………………………………………………………………………..........14 

Chapter Two: Review of Literature………………………………………………………..….24
 Biological Mechanisms of Healthy and Hyperglycemic Pregnancies…………………...26 

 History, Definitions, and Diagnosis of Hyperglycemia in Pregnancy………..…….........29 

 Risk Factors……………………………………………………………………………...31 

 Adverse Outcomes……………………………………………………………………….32 

 Physical Activity Recommendations, Benefits, Barriers, and Interventions…………….34 

 Recommendations………………………………………………………………..34 

 Benefits…………………………………………………………………………..35 

 Barriers…………………………………………………………………………...38 

 PA Interventions…………………………………………..………………..……40 



v 
 

   
 

Summary…………………………………………………………………………..……..41 

References………………………………………………………………………………..43 

Chapter Three: Methodology………………………………………………………………….57 

 Data Collection………………………………………………………………………..…58 

Sample Weighting………………………………………………………………………..58 

Subjects…………………………………………………………………………………..59 

Calculated Variables……………………………………………………………………..59 

 Primary Dependent Variables………………………………………………………........60 

AA………………………………………………………………………………..60 

MSA……………………………………………………………………………..63 

Both MSA and AA………………………………………………………………63 

Neither AA nor MSA……………………………………………………………63 

 Primary Independent Variable: Diabetes Risk Status……………………………………64 

Covariates/Determinants……………………………………………………………........64 

  Age……………………………………………………………………………….64 

  Race/Ethnicity……………………………………………………………………65 

  Education Level………………………………………………………………….65 

  Number of Children in Household……………………………………………….65 

  Alcohol Consumption……………………………………………………........…65 

  Smoking Status…………………………………………………………………..66 

 Data Analysis………………………………………………………………………….…66 

 References………………………………………………………………………………..68  

Chapter Four: Diabetes Risk Status and Physical Activity in Pregnancy: U.S. BRFSS 2011, 
2013, 2015, 2017…………………………………………………………………………………69 

 Abstract…………………………………………………………………………………..70 

 Introduction ……………………………………………………………………………...71 

 Methods………………………………………………………………………………..…75 

 Results……………………………………………………………………..……………..78 

 Discussion………………………………………………………………………………..86 



vi 
 

   
 

 Conclusion……………………………………………………………………………….90 

 References………………………………………………………………………………..91 

Appendices 

 Appendix A: University of North Florida IRB Approval Letter………………………...98 

 Appendix B: Committee Membership Form…………………………………………….99 

Vita…………………………………………………………………………………………..…103 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



vii 
 

   
 

List of Tables 

Table                                                                                                                                     Page 

Chapter 1: Introduction  

1. Screening and diagnostic recommendations for GDM 5 

Chapter 2: Review of Literature  

1. Characteristics of a Safe and Effective Exercise Regimen in Pregnancy 35 

Chapter 3: Methodology  

1. List of Common Leisure Activities 62 

Chapter 4: Manuscript  

1. 

  

Characteristics of Pregnant Women by Diabetes Risk Status: BRFSS 2011, 

2013, 2015, 2017 

79 

2. Prevalence Estimates for Physical Activity According to Diabetes Risk 

Status: BRFSS 2011, 2013, 2015, 2017 

80 

3. Linear Regression for Aerobic Activity in per Week in Pregnancy by 

Diabetes Risk Status 

81 

4. Odds Ratios for Meeting Physical Activity Recommendations by Diabetes 

Risk Status 

82 

5. Proportions of Women Meeting the MSA Recommendations Among those 

who Meet the AA Recommendation 

83 

6. Top Three Determinants of Meeting AA and MSA Recommendations 84 

7. Prevalence of Meeting PA Recommendations in Pregnancy by Year 85 

 

 

 



viii 
 

   
 

List of Figures 

Figure                                     
Page 

 Chapter 4: Manuscript  

1.   Trends in Prevalence of Overt Diabetes and High-Risk for Overt Diabetes in 

Pregnancy: BRFSS 2011-2017 

                                      

86 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ix 
 

   
 

Nomenclature 

cm Centimeter 

d/wk Days per week 

g Gram(s) 

h Hour 

kg/m2 Kilograms per meter squared 

MET∙min∙wk-1 MET minutes per week 

min Minute 

min/wk Minutes per week 

mg/dl Milligrams per deciliter 

mmol/L Millimoles per liter 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



x 
 

   
 

List of Abbreviations 

AA Aerobic activity 

A1C Glycohemoglobin 

ACOG American College of Obstetricians and Gynecologists 

ADA American Diabetes Association 

BMI Body mass index 

BRFSS Behavioral risk factor surveillance system 

CI Confidence interval 

CRP C-reactive protein 

CVD Cardiovascular disease 

DHHS Department of Health and Human Services 

DIP Diabetes in pregnancy 

DRS Diabetic risk factor 

E2 Estradiol 

GDM Gestational diabetes mellitus 

HAPO Hyperglycemia and adverse pregnancy outcomes 

HBM Health belief model  

hGDM History of gestational diabetes 

hPGH Human placental growth hormone 

hPL Human placental lactogen 

HRD High risk for diabetes 

HS High school 

IADPSG The International Association of Diabetes Pregnancy Study Groups 



xi 
 

   
 

IL-6 Interleukin 6 

IRS-1 Insulin receptor substrate - 1 

LMIC Low- and middle-income countries 

LPS Liposaccharides 

LTPA Leisure-time physical activity 

MIDUS Midlife in the united states 

MSA Muscle strengthening activity 

NHANES National Health and Nutrition Examination Survey 

OGTT Oral Glucose Tolerance Test 

OR Odds ratio 

PA Physical activity 

PD Pre-diabetes 

PG Plasma glucose 

Pg Progesterone 

PGDM Pre-gestational diabetes 

RCT Randomized controlled trial 

SES Socioeconomic status 

STB Standardized Beta Coefficient 

T1DM Type 1 diabetes mellitus 

T2DM Type 2 diabetes mellitus 

TNF-α Tumor necrosis factor- alpha 

U.S. United States 

WHO World health organization 



xii 
 

   
 

  

ABSTRACT 

Objectives We sought to examine differences in aerobic activity (AA) and muscle 

strengthening activity (MSA) by diabetes risk status (DRS) among pregnant 

women in the United States. 

Background Pregnant women without complications are advised to engage in physical 

activity (PA) to mitigate adverse outcomes. Differences may exist among 

pregnant women of diverging diabetes status in meeting national PA 

recommendations.  

Methods The sample (n=9,597) included pregnant women ages 18-44, who participated 

in the 2011, 2013, 2015, and 2017 Behavioral Risk Factor Surveillance 

System. Levels of DRS were: no diabetes (ND), high risk for diabetes (HRD) 

due to self-reported gestational diabetes or pre-diabetes, and overt diabetes 

(DM). Odds ratios (ORs) for meeting PA recommendations were obtained. 

Covariates included age, race, education, household child count, alcohol 

consumption, and smoking status. 

Results Findings revealed that on average, group DM had 46.5 fewer minutes of 

weekly AA compared to group ND. Furthermore, a significantly lower OR 

(0.39; P<0.05) for meeting both recommendations in group DM (referent ND) 

was observed after adjustment. 

Conclusions We observed pregnant women with overt diabetes have a lower likelihood of 

engaging in PA, while group HRD was similar in their PA engagement as 

group ND. Solutions should be explored for improving PA participation in 
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pregnant women with diabetes so that they may also enjoy the health benefits. 

Actions include increasing PA promotion by clinical providers, implementing 

methods for overcoming barriers to PA, and exploring strategies to make 

exercise palatable to this population.  
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BACKGROUND 

Hyperglycemia refers to the presence of glucose in the blood, above the normal range (1). 

In pregnancy, hormone changes lead to attenuated insulin sensitivity (2-4). As a result of 

impaired glucose uptake in healthy pregnant women, excess carbohydrates are shuttled to the 

placenta, providing a source of energy for fetal growth (2). Inefficiency in transporting glucose 

due to insufficient or ineffective insulin action results in chronic hyperglycemia. Chronic 

hyperglycemia in pregnancy may result from preexisting pre-diabetes (PD) and type 2 diabetes 

mellitus (T2DM). Alternatively, previously euglycemic women may develop gestational diabetes 

mellitus (GDM) due to inability to compensate for the rising insulin resistance (5). Physical 

activity (PA) has been shown to reduce the risk of adverse outcomes in pregnant women with 

and without hyperglycemia (6). Despite the abundance of evidence on the benefits of PA in 

pregnancy (7), several factors (8-12) contribute to the dismal amount of activity among pregnant 

women (13).  
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GESTATIONAL DIABETES MELLITUS 

Gestational diabetes, or hyperglycemia first recognized during pregnancy, typically 

resolves at, or shortly after, delivery (14). According to a study based on data from the 2007-

2014 National Health and Nutrition Examination Survey (NHANES), the estimated prevalence 

of GDM in the U.S. is 7.6% (15). However, due to variable diagnostic criteria and screening 

methods throughout the years from various governing bodies (Table 1), incongruent prevalence 

estimates for GDM exist (16,17). Screening and diagnostic tests are typically given at 24-28 

weeks gestation (18,19). The most common screening method in the U.S. is the 50g, 1-Hour (H) 

oral glucose tolerance test (OGTT), endorsed by the American Diabetes Association (ADA) and 

the American College of Obstetricians and Gynecologists (ACOG) (20, 21) (Table 1). Diagnostic 

methods may be one-step or two-step with the 50g 1-H OGTT included as an initial screen. The 

one-step diagnostic method endorsed by the The International Association of Diabetes 

Pregnancy Study Groups (IADPSG) and the ADA are the fasting plasma glucose (PG), and the 

1-H and 2-H OGTT following a 75g glucose load (18). Diagnostic criteria for GDM include a 

fasting PG between 92 and 125 mg/dl, a 1-H PG ≥180 mg/dl and a 2-H PG between 153 and 199 

mg/dl following the OGTT (18,19). Additionally, the two-step approach recommended by the 

ACOG utilizes the initial 50g 1-H OGTT screening prior to the 3-H OGTT following a 100g 

glucose load (21) (Table 1. Furthermore, diagnostic demarcation points for fasting PG vary 

depending on the test given. 

Women with GDM are at a seven-fold increased risk for developing T2DM (22) and a 

50% increased risk for developing cardiovascular disease (CVD) (23). Furthermore, one-third of 

women with GDM develop postpartum depression (24). Other sequelae include increased risk 

for perinatal mortality, fetal macrosomia, neonatal hypoglycemia, caesarean section, and 
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postpartum depression (25). Moreover, their offspring are at a higher risk for glucose intolerance, 

T2DM, and obesity.  
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Table 1. Screening and diagnostic recommendations for GDM  
Screen Diagnosis 

IADPSG 
(19) None 

2 h 75 g OGTT 
Diagnosis if 1 or more glucose ≥: 
Fasting 5.1 mmol/L (92 mg/dL), 1 h 
10.0 mmol/L (180 mg/dL), 2 h 8.5 mmol/L 
(153 mg/dL) 

ACOG (21) 

50 g glucose challenge test 
Abnormal: can choose from 7.2 mmol/L 
(130 mg/dL), 7.4 mmol/L (133 mg/dL), 
or 7.8 mmol/L (140 mg/dL) 

3 h 100 g OGTT 
Diagnosis if 2 or more ≥: 
Fasting 5.3 mmol/L (95 mg/dL), 1 h 
10.0 mmol/L (180 mg/dL), 2 h 8.6 mmol/L 
(155 mg/dL), 3 h 7.8 mmol/L (140 mg/dL) 
or 
Fasting 5.8 mmol/L (105 mg/dL), 1 h 
10.6 mmol/L (190 mg/dL), 2 h 9.2 mmol/L 
(165 mg/dL), 3 h 8.0 mmol/L (144 mg/dL) 

ADA (20) 
One-step: none 
or 
Two-step: see ACOG 

One-step: see IADPSG 
or 
Two-step: see ACOG 

Diabetes 
Canada (26) 

Preferred approach: 50 g 
Glucose challenge test 
Abnormal if ≥ 7.8 mmol/L (140 mg/dL) 
Diagnostic if ≥ 11.1 mmol/L 
(200 mg/dL) 
Alternative approach: None 

Preferred approach: 2 h 75 g OGTT 
Diagnosis if 1 or more ≥: Fasting 
5.3 mmol/L (95 mg/dL), 1 h 10.6 mmol/L 
(190 mg/dL), 2 h 9.0 mmol/L (162 mg/dL) 
Alternative approach: See IADPSG 

WHO (27) None —a 

a 

As of March 8, 2018, this statement has been added: “WHO currently does not have a 
recommendation on whether or how to screen for GDM, and screening strategies for 
GDM are considered a priority area for research, particularly in LMICs.” 

Note. Adapted from “Chapter 22- Gestational Diabetes and Type 2 Diabetes During Pregnancy” 
by Mukerji, Bacon & Feig. Maternal-Fetal and Neonatal Endocrinology. 2020:371-388. 
Copyright © 2020 Elsevier Inc. All rights reserved. 

 

 

https://www.sciencedirect.com/science/article/pii/B9780128148235000222#tf0010
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PREDIABETES  

An estimated 36% of women in the U.S. have PD (14). The screening methods outside of 

pregnancy are the same as with T2DM: fasting PG, 2-H OGTT with a 75g glucose load, and 

glycosylated hemoglobin (A1C) (18). Demarcation points for PD diagnosis are fasting PG, 2-H 

PG, and A1C ranging from 100-125 mg/dl, 140-199 mg/dl, and 5.7-6.45%, respectively. 

Although PD is not as detrimental as T2DM, 5-10% of patients with PD progress to T2DM 

annually (28). Though similar recommendations are made for T2DM and GDM, particular 

emphasis on weight loss of 5-10% of body weight and 30 minutes a day of moderate intensity 

aerobic activity (AA) is recommended as a first line treatment for patients with PD for 

prevention of progression of disease severity (28). 

 

TYPE 2 DIABETES MELLITUS  

Nearly 14% of the total population of U.S. women have T2DM, with the prevalence 

increasing with age (14). Approximately 2.9% of women of a reproductive age have been 

diagnosed with diabetes (29). A 2005-2006 report in Ontario, estimated 4.3/1000 cases of T2DM 

in pregnancy (30). Risks associated with T2DM are diverse and can have life-altering 

implications such as augmented risk for CVDs (31). Other serious consequences include 

blindness, kidney failure, lower limb amputations, cardiovascular events, and complications in 

pregnancy (1,27). A patient must have two abnormal test results from the same test to confirm 

T2DM diagnosis. Demarcation points for T2DM diagnosis are as follows: fasting PG ≥126 

mg/dl, 2-H PG ≥200 mg/dl, and A1C ≥6.5% (18).  
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PHYSICAL ACTIVITY IN PREGNANCY 

Pregnancy is a unique time in a woman’s life where her daily activities impact both 

herself and her unborn child. Therefore, PA recommendations are made with both maternal and 

neonatal health in mind. The 2020 ACOG recommend that all pregnant women without 

complications stay active and engage in both aerobic and strength conditioning exercises (7). In 

the absence of further evidence of PA dosage, ACOG supports the 2018 guidelines for PA in 

pregnancy set out by the U.S. Department of Health and Human Services (DHHS) (32). 

According to the guidelines, pregnant women should engage in at least 150 minutes of moderate 

intensity aerobic activity (AA) throughout the week (32). Moderate intensity is defined as any 

activity that is 3-4 METS, or the equivalent to brisk walking (33). Healthy pregnant women who 

regularly engage in vigorous AA can continue but should communicate with their healthcare 

provider on how to safely do so as the pregnancy progresses (2). Current U.S. recommendations 

do not include muscle strengthening activity (MSA) recommendations for pregnant women. 

However, the 2019 Canadian Guidelines for Physical Activity throughout Pregnancy (3) do 

generally encourage resistance training. 

In addition to PA recommendations for overall wellness, specific recommendations are 

also made for management of GDM and T2DM in pregnancy (34) In line with the 2018 DHHS 

guidelines for PA in pregnancy, the Fifth International Workshop-Conference on Gestational 

Diabetes recommended moderate intensity PA for 30 minutes a day on most days of the week for 

management of GDM (35). Similarly, the ADA recommends women with pre-existing diabetes 

of any kind to engage in 20-30 minutes of moderate intensity PA on most days of the week, prior 

to and during pregnancy (36).  
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The ACOG has previously listed absolute and relative contraindications to exercise in 

pregnancy (37). However, absolute contraindications are uncommon.  Relative contraindications, 

such as poorly managed type 1 diabetes, may be addressed by consulting with a specialist, 

appropriate diet, and individualized exercise programming (7). In addition, pregnant women are 

advised against participating in contact sports, high fall risk sports, scuba diving, sky diving, and 

exercising in hyperthermal environments such as in hot yoga. Due to lack of evidence, bedrest is 

no longer recommended in women at risk for preterm birth or preeclampsia (38,39). Bedrest 

increases the chances of venous thromboembolism, bone demineralization, and deconditioning 

(38).  

Several health benefits may occur in physically active pregnant women. In a randomized 

control trial of 62 pregnant women, the aerobic PA group (n=31) improved both aerobic fitness 

and muscular strength, when compared to sedentary controls (P<0.05). Furthermore, there were 

fewer caesarean sections and faster postpartum recovery in the exercise group (p<0.05) (40). The 

inverse relationship between PA and caesarean deliveries has been extensively published (41-

43). Moreover, PA has been found to be inversely associated with preeclampsia (44). A meta-

analysis of 40 observational studies reported a 30% reduction in GDM risk for any general 

inclusion of PA (45). Physical activity improves blood sugar levels by restoring insulin 

sensitivity and minimizing glucose intolerance (46Structured exercise programs may reduce the 

risk of GDM by 30% (47). In a 2017 randomized controlled trial of 300 overweight or obese 

pregnant women, 30 minutes of cycling three times per week, beginning in the first trimester 

until 37 weeks gestation, significantly reduced incidence of GDM (22.0% vs 40.6% in the 

control group; P < 0.001).  
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Although less researched, some evidence exists for the benefits of MSA in pregnancy. In 

a clinical trial of 26 pregnant women, low to moderate intensity strength training two days per 

week for 12 weeks transiently improved mental and physical energy levels and reduced fatigue, 

independent of AA (48). A study of 139 pregnant women revealed that feelings of energy were 

increased and fatigue symptoms were reduced among 56 pregnant women who completed 50 

minutes of unspecified strengthening and stretching exercises of an unspecified intensity that 

involved exercise-balls, Pilates, and yoga type movements (49). 

 

 

 

ESTIMATED PREVALENCE OF PHYSICAL ACTIVITY IN PREGNANCY 

Based on 2010-2015 National Health Interview Survey data, only one-third of adult 

women meet the recommended 150 minutes moderate intensity AA (or vigorous equivalent) and 

two days of MSA per week (50). Moreover, a 2007-2014 NHANES study reported only 23% of 

pregnant women in the U.S. met the recommended 150 minutes of moderate intensity AA and 

only 12% did so by exercising throughout most of the week (51). Accelerometry data from 2003-

2006 NHANES reported roughly one-third of all women did not engage in any PA during 

pregnancy (52). Thus, clinicians are likely to more often encounter women who are inactive or 

insufficiently active. Additional factors associated with meeting PA recommendations are 

education level, age, non-Hispanic white race, being unmarried, not smoking, higher income, and 

general health status (53). 
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BARRIERS TO PHYSICAL ACTIVITY IN PREGNANCY 

Although the benefits of exercise in pregnancy have been widely published, there are 

several factors that may negatively impact exercise behavior in pregnant women.  

In a systematic review examining correlates of PA in pregnancy, mental health, prior PA, 

self-efficacy, and intention to be physically active have among the strongest effect sizes 

contributing to PA engagement (54). A 2017 review of qualitative and quantitative evidence 

revealed that lack of time due to work, tiredness, pregnancy-related symptoms, and lack of social 

support were among the most prominent barriers to PA participation. Furthermore, despite the 

ACOG recommendations on the benefits of exercise, there is a prevailing fear related to risk of 

miscarriage, growth restriction, pre-term birth, fatigue, and harm to the fetus, among patients and 

clinicians (55).  

Exercise programs led by a trained professional (i.e., exercise physiologist) may mitigate 

some of these fears and bypass barriers related to lack of knowledge (56) and motivation (55). 

One study examined the efficacy of at home versus face-to-face exercise programming with a 

trainer for women with GDM (57). The intervention took place from about 20 weeks to 32 weeks 

of gestation. At the 32-week follow up, women receiving the face-to-face intervention had a 

higher number of pedometer steps per day, significantly higher exercise minutes (p<0.05), and 

positive motivational determinants (attitude, subjective norm, perceived control, intention). 

Moreover, postprandial blood glucose after 36 weeks of gestation was lower in the face-to face 

group than the at home group.  
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ABBREVIATED LITURATURE REVIEW 

Normal physiological changes leading to insulin resistance in a healthy pregnancy may 

be exacerbated in women with overt diabetes and undetected endothelial dysfunction, leading to 

maternal hyperglycemia (2). Numerous studies demonstrate the role of PA before and during 

pregnancy in reducing the risk of maternal hyperglycemia (37,58-60). Furthermore, pregnant 

women who have already been diagnosed with hyperglycemia can improve their glycemic 

control through PA (46,61,62).  Risk factors associated with maternal hyperglycemia such as 

older age (25), minority ethnicity, elevated BMI, having children, and education level, have also 

been tied to PA participation (23). Exercise interventions have explored various methods of 

reaching this population to promote PA by tackling social, cognitive, and emotional barriers (63-

66).  

 

PURPOSE AND STUDY AIM 

To our knowledge, this is the first study to examine PA in GDM and PD together as one 

high-risk for diabetes group. This study adds to the evidence demonstrating differences in PA 

engagement among pregnant women at high-risk for diabetes, overt diabetes, and no diabetes.  

Therefore, we aim to answer three questions: 

1. Is there an association between diabetes risk status (DRS) and meeting the 2008 

DHHS recommendation for PA in pregnancy?  

2. Is there an association between DRS and engaging in  the DHHS adult recommendation 

of at least two days of MSA per week in pregnant women?  
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3. What are the major characteristics that are associated with meeting the pregnancy PA 

recommendations and two days of MSA?  

 

PROJECT DESCRIPTION 

This secondary analysis used data from the Behavioral Risk Factor Surveillance System 

(BRFSS) in the interview years, 2011, 2013, 2015, and 2017. Only the odds years between 2011 

and 2017 were used due to more in-depth PA questions. The population sample was limited to 

pregnant women between the ages of 18-44 who had complete data on all the variables of 

interest. Further exclusion of probable type 1 diabetes brought the population sample size to 

9,597 participants. Women with self-reported GDM and PD were identified as the high-risk for 

diabetes (HRD) group. Women with self-reported diabetes were in the diabetes mellitus (DM) 

group. Women who reported no diabetes were in the no-diabetes (ND) group. Aerobic activity 

and MSA were dichotomized into ‘meets,’ and ‘does not meet,’ the 2008 DHHS PA guidelines. 

Note that the 2008 DHHS recommendations are used as the standard of measurement 

instead of the more recent 2018 DHHS recommendations. This is due to the survey designs of 

the 2011, 2013, 2015, and 2017 BRFSS, where duration of a single bout of reported PA that is 

under 10 minutes is not counted. New guidelines allow for a minimum of 2-minute bouts. 

Therefore, an accurate measurement of meeting the 2018 guidelines cannot be ascertained from 

the present data. Furthermore, all data utilized in this project was collected prior to the release of 

the 2018 PA guidelines. 

Other limitations to the study are as follows: 

1. Due to the cross-sectional study design, we cannot infer causality. 

2. All data was self-reported; therefore, all data is subject to recall bias. 
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3. There are no objective measures. 

4. Contraindications to exercise may exist but we are unable to obtain this information from 

the survey. 

5. We cannot control for adiposity due to lack of information on pre-pregnancy BMI. 
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The chronic hyperglycemia seen in gestational diabetes mellitus (GDM), prediabetes 

(PD, and type 2 diabetes mellitus (T2DM) is a result of insulin resistance (1) and can lead to 

adverse health outcomes during and after pregnancy (2-8).  In 2017, the estimated worldwide 

prevalence of combined GDM and pre-existing diabetes in pregnancy was 16.2% (9).  Symptoms 

of hyperglycemia include polyuria, polydipsia, polyphagia, and increased sensitivity to certain 

infections (10). 

Pregnancy is an opportunity in a woman’s life for establishment of healthy lifestyle 

practices that carry maternal and fetal benefits (11). The American College of Obstetricians and 

Gynecologists (ACOG) recommend physical activity (PA), as it is linked to prevention of GDM, 

other cardiometabolic diseases and pregnancy complications (11,12). The factors leading to PA 

engagement are complex and may be related to factors contributing to diabetes.  

This chapter includes a discussion of the hormonal and immunological changes in 

pregnancy leading to insulin resistance, a history of hyperglycemia in pregnancy, definitions and 

diagnoses of T2DM, GDM, and PD, an overview of adverse outcomes due to hyperglycemia, 

risk factors associated with diabetes, evidence of PA for improved glycemic control and GDM 

prevention in pregnancy, potential barriers to engaging in PA, and exercise interventions. 
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BIOLOGICAL MECHANISMS OF HEALTHY AND HYPERGLYCEMIC 

PREGNANCIES 

 During the second half of pregnancy, skeletal muscle attenuates the glucose disposing 

actions of insulin by about 50% to accommodate the energy needs of the fetus (13). Insulin 

resistance arises from a combination of hormonal changes and is part of the natural physiology 

associated with a healthy pregnancy. The pathological outcomes of hyperglycemia in pregnancy 

arise from the coexisting issues related to insulin resistance and endothelial dysfunction  (14-17). 

This section will cover key issues in the progression of physiological insulin resistance and 

identify distinguishing characteristics of pathological insulin resistance in pregnancy.  

Reduced insulin signaling during pregnancy is partially due to attenuated adiponectin 

action. Adiponectin, a protein made in adipocytes, placenta, and skeletal muscle (18,19), acts as 

an insulin sensitizer by activation of peroxisome proliferator-activated receptor and 5’ adenosine 

monophosphate-activated protein kinase in both the skeletal muscle and liver, inducing glucose 

transporter type-4 (GLUT4) translocation and fatty acid β-oxidation (20). Adiponectin levels 

normally decline slightly in late pregnancy (21).  

Leptin, also made by adipose tissue (22), placenta (23), and skeletal muscle (24), possess 

insulin sensitizing actions (22). Secretions of leptin peak during the late 2nd and early 3rd 

trimester, leading to greater fat accumulation, satiety, and fatty acid oxidation in skeletal muscle 

(25). Leptin increases glucose uptake by stimulation of sympathetic nerves and B2 adrenergic 

receptors in myocytes (26). Over the course of pregnancy, the downregulation of the OB-Rb 

receptor induces leptin resistance, decreasing energy intake into cells of the mother (27).  
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The increase in sex hormones (28), progesterone (Pg) and estrogen may also play a role 

in the desensitization of insulin receptors. Higher concentrations of Pg may reduce expression of 

insulin receptor substrate (IRS)-1 and inhibit insulin-induced GLUT4 translocation and glucose 

uptake into skeletal muscle (29). Animal studies on pregnant rats have demonstrated that 

estradiol (E2) does the opposite- increasing receptor binding as well as expression and 

membrane translocation of GLUT4 in adipocytes (30). During late pregnancy, higher levels of 

E2 repress GLUT4 expression in skeletal muscle (31) and a reduction in insulin binding is 

induced by Pg, cortisol, prolactin, and human placental lactogen (hPL) (32).  

The prolactin family, hPL and human placental growth hormone (hPGH) are produced in 

early pregnancy and gradually increase during gestation, contributing to the progression of 

insulin desensitization in skeletal muscle (13,33). Early in pregnancy, hPL stimulates the growth 

of pancreatic islets, increasing insulin secretion (34). In mid to late pregnancy, hPL stimulates 

3H-thymidine incorporation, insulin gene transcription and production, and glucose-dependent 

insulin secretion in pancreatic islet cells which may lead to postprandial hyperglycemia and 

hyperinsulinemia (35). Insulin resistance could also be induced by hPL binding to the growth 

hormone receptor (32). Insulin signaling may be further limited by hPGH action (13). 

Tumor necrosis factor- alpha (TNF-α), a cytokine produced by white blood cells, 

fibroblasts, adipocytes, and the placenta, may impair insulin signaling by acting as a 

serine/threonine kinase of insulin receptor substrate (IRS) – 1 (35). Additionally, in mid to late 

pregnancy, TNF-α suppresses the transcription of adiponectin (13). 

Abnormal hormone responses in pregnancy present in women with GDM and T2DM 

(14,15,17,36).  Women with T2DM exhibit impaired vascular reactivity and an attenuated 

response to estrogen stimulation (14,15,36); whereas, estrogen contributes to enhanced insulin 
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resistance in women with GDM (17).  Additionally, lower levels of adiponectin in pregnancy 

correlate to diagnosis of GDM (37). 

The differentiation between insulin resistance in normal and hyperglycemic pregnancies 

is due to divergence in specific mechanisms leading to glucose transport. A BMI and age-

matched study compared glucose transport activity and expression and phosphorylation of the 

insulin receptor and IRS-1 in women with GDM (n=7), pregnant women without GDM (n=11) 

and non-pregnant women (n=11) (38). Biopsies from the rectus abdominus were obtained from 

the three groups. Findings revealed a 32% lower rate of maximal insulin-stimulated 2-

deoxyglucose transport in the non-GDM pregnant group when compared to the non-pregnant 

control. Moreover, there was an additional 54% lower rate in the GDM group when compared to 

the non-GDM pregnant group (P<0.05). The maximal effect of insulin on tyrosine 

phosphorylation of the insulin receptor was 37% lower in the GDM group versus the non-GDM 

pregnant group (P<0.05). There was a 23% (P<0.05) and 44% (P=0.002) reduction in the IRS-1 

protein levels in muscle from non-GDM and GDM pregnant women, respectively. Although 

based on a small number of women, the findings of this study indicate that insulin resistance to 

glucose transport during pregnancy is associated with a decrease in IRS-1 tyrosine 

phosphorylation, mainly due to decreased expression of IRS-1 protein. In pregnant women with 

GDM, a decrease in tyrosine phosphorylation of the insulin receptor beta-subunit is associated 

with further decreases in glucose transport activity (38).  

Higher concentrations of inflammatory biomarkers have also been associated with 

hyperglycemic conditions. Garcia et al. (39) discusses the relationship between diabetes and 

inflammation. Inflammation may coexist or amplify diabetes by toll-like receptor pathways that 

detect liposaccharides (LPS). Saturated fatty acids stimulate production of TNF-α and interleukin 
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Table 1. Characteristics of Pregnant Women by Diabetes Risk Status: 
 BRFSS 2011, 2013, 2015, 2017 

 Total ND HRD DM χ2 Test 
 N (Weighted%) P 

Total N=9597  9036 (94.3)  457 (4.8)  104 (0.9)   
Age     <.0001 

18-24 2113 (28.8)  2033 (29.7)  53 (11.6)  27 (31.7)   
25-29 2713 (27.2)  2592 (27.3)  96 (25.5)  25 (23.1)   
30-34 2873 (27.9)  2688 (27.5)  162 (37.0)  23 (22.5)   
35-39 1485 (12.4)  1351 (12.0)  115 (19.8)  19 (14.1)   
40-44 413 (3.7)  372 (3.5)  31 (6.1)  10 (8.6)   

Race/Ethnicity     0.1571 
White 6203 (51.7)  5882 (52.0)  269 (46.1)  52 (54.8)   

African American 825 (12.9)  779 (13.1)  34 (8.2)  12 (10.8)   
Native American/Alaskan 242 (1.3)  224 (1.3)  14 (0.9)  4 (0.6)   

Asian 342 (5.9)  317 (5.7)  21 (8.8)  4 (8.6)   
Native Hawaiian/ Pacific Islander 88 (0.3)  78 (0.2)  7 (0.8)  3 (0.5)   

Hispanic 1584 (26.0)  1463 (25.6)  96 (33.0)  25 (21.2)   
Other 313 (1.9)  293 (1.9)  16 (2.1)  4 (3.4)   

Education Level     0.1948 
Did not complete HS 777 (16.2)  710 (15.8)  56 (22.9)  11 (15.4)   

Completed HS 2176 (24.2)  2030 (24.1)  113 (26.1)  33 (27.9)   
Some college/technical school 2553(28.9)  2403 (29.2)  122 (24.8)  28 (22.7)   
Graduated college/technical 

school 
4091 (30.7)  3893 (30.9)  166 (26.1)  32 (34.0)   

Number of Children in 
Household 

    0.0024 

None 2981 (33.1)  2862 (33.8)  87 (19.8)  32 (38.5)   
1-3 children 5979 (60.2)  5594 (59.7)  324 (72.0)  61 (51.4)   
4 or more 637 (6.6)  580 (6.5)  46 (8.2)  11 (10.1)   

Alcohol Consumption (Based 
on the past 30 days) 

    <.0001 

None 8606 (88.8)  8091 (88.6)  429 (93.5)  86 (78.4)   
Moderate 883 (9.2)  848 (10.0) 23 (5.2)  12 (14.8)  

Heavy 108 (1.1)  97 (1.4) 5 (1.3) 6 (6.8)  
Smoking Status     0.1091 

Never smoker 6758 (70.3)  6398 (71.7)  292 (64.9)  68 (68.0)   
Former smoker 2012 (21.0)  1864 (19.6)  126 (27.7)  22 (20.1)   
Current smoker 827 (8.7)  774 (7.3)  39 (7.4)  14 (11.9)   

BRFSS: Behavioral Risk Factor Surveillance System; ND: no diabetes; HRD: high-risk for diabetes due to self-
reported gestational diabetes or prediabetes; DM: overt diabetes; HS: high school; level of significance set to P≤0.05 
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Table 2. Prevalence Estimates for Physical Activity According to Diabetes Risk Status: 
BRFSS 2011, 2013, 2015, 2017 

 
Diabetes 
Status 

 
No AA 

 
No MSA 

Meets AA 
Recᵃ 

Meets 
MSA 
Recᵇ 

Meets Both 
Recsc 

Meets 
Neitherd 

 n (weighted %) 
 

ND  
N=9036  

2525 
(27.9%)   

6265 
(69.3%)   

3709 
 (39.2%)  

1681   
(16.9%)  

1087  
(10.9%)  

4733 
(54.8%)  

HRD  
N=457  

150 
(32.8%)   

358 
(78.3%)   

182  
(39.2%)  

60   
(15.7%)  

42 
(10.5%)  

257 
(55.6%)  

DM  
N=104  

65 (62.5%)  80 (76.9%)   36 
 (30.1%)  

13 
(17.9%)  

7  
(5.0%)  

62  
(57.0%)  

Total 
N=9597  

2720 
(28.3%)  

6674 
(69.5%)   

3927  
(39.2%)  

1754 
(16.8%)  

1135   
(10.8%)  

5052 
(54.8%)  

BRFSS: Behavioral Risk Factor Surveillance System; ND: no diabetes; HRD: high-risk for diabetes due to self-
reported gestational diabetes or prediabetes; DM: overt diabetes; AA: aerobic activity; MSA: muscle strengthening 
activity; ᵃ2008 Department of Health and Human Services (DHHS) recommendation of 150 minutes of moderate 
intensity AA/wk.ᵇ2008 DHHS recommendation of 2 days/wk of MSA. cboth “a” and “b”; dneither “a” nor “b”; 
level of significance set to P≤0.05; Variance in distributions were statistically significant (P<0.05) for all measures. 

 

 

 

 

DIFFERENCES IN AEROBIC ACTIVITY BY DIABETES RISK STATUS  

Table 3 provides β values for minutes of AA per week in the HRD and DM groups (ND 

referent) for crude, age adjusted, and fully adjusted models. There was a non-normal distribution 

for the continuous AA variable, but the sample size was large enough to allow for linear 

regression without violations. On average, those with diabetes had 46.5 fewer minutes in AA 

compared to those with no diabetes. Having GDM or PD contributes modestly to the likelihood 

of engaging in AA when compared to having no diabetes. 
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Table 3. Linear Regression for Aerobic Activity in per Week in Pregnancy by Diabetes Risk 
Status  

 HRD DM 

Model β (SE) β (SE) 

Crude -23.6 (0.041) -45.9 (0.041) 

Age Adjusted -22.2 (0.036) -43.4 (0.320) 

Fully Adjusteda -2.51 (0.078) -46.5 (0.078) 
aAccounts for age, race/ethnicity, education level, number of children in the household, alcohol consumption, and smoking; 
β: beta regression estimate; HRD: high risk for diabetes due to self-reported gestational diabetes or prediabetes; DM: overt 
diabetes; SE:standard error P<0.0001 level of significance for all values listed 

 

 

ODDS RATIOS FOR PHYSICAL ACTIVITY  

 Table 4 represents odds of meeting AA, MSA, both, and neither 2008 DHHS 

recommendations. After adjustments, the odds of meeting both AA and MSA recommendations 

were approximately 60% lower in the DM group (ND referent; OR 0.39; CI 0.19-0.82). No other 

statistically significant relationship between DRS and PA recommendations was observed. 

 

MUSCLE STRENGTHENING ACTIVITY DIFFERENCES 

 Interestingly, although the odds of meeting both recommendations were significantly 

lower in group DM (Table 4), the prevalence of MSA was slightly higher (Table 2). Not 

illustrated are the median number of days of MSA per week in women reporting at least one day 

of MSA in the past 30 days: 2.00, 2.00, and 1.00 in groups ND, HRD, and DM, respectively. 

Table 5 exhibits results from a subgroup analysis limited to only women who met the AA 

recommendations to determine whether the DM subgroup differ in meeting the MSA 

recommendations when compared to the ND and HRD subgroups. Although not statistically 



82 
 

   
 

significant (P=0.3382), the percentage of meeting the MSA recommendations (16.5% SE 6.0%) 

was lower than ND and HRD percentages (27.8% and 26.9%, respectively). 

 

 

 

Table 4. Odds Ratios for Meeting Physical Activity Recommendations by Diabetes Risk 
Status 

  Meets AA Meets MSA Meets Both Meets Neither 

Crude HRD 
 

OR=0.96 
CI=0.66-1.40 

OR=1.00 
CI=-0.58-1.72 

OR=0.96 
CI=0.44-2.08 

OR=1.03 
CI=0.72-1.49 

 DM OR=1.02 
CI=0.53-1.95 

OR=0.36 
CI=0.11-1.12 

OR=0.43* 
CI=0.2-0.91 

OR=1.09 
CI=0.64-1.86 

Age-
adjusted 

HRD 
 

OR=1.01 
CI=0.70-1.48 

OR=1.09 
CI=0.60-1.98 

OR=0.96 
CI=0.44-2.10 

OR=1.02 
CI=0.71-1.47 

 DM OR=0.67 
CI=0.39-1.17 

OR=0.93 
CI=0.44-1.99 

OR=0.43* 
CI=0.20-0.92 

OR=1.08 
CI=0.64-1.8 

Fully 
adjusteda 

HRD 
 

OR=1.07 
CI=0.72-1.59 

OR=1.15 
CI=0.66-2.00 

OR=1.23 
CI=0.58-2.60 

OR=0.93 
CI=0.64-1.36 

 
DM OR=0.64 

CI=0.37-1.11 
OR=1.00 

CI=0.45-2.23 
OR=0.39* 

CI=0.19-0.82 
OR=1.15 

CI=0.68-1.95 

*P<0.05 level of significance; aAdjusted for age, race/ethnicity, education level, number of children in 
household, alcohol consumption, and smoking status; AA: aerobic activity; MSA: muscle strengthening activity; 
ᵃ2008 Department of Health and Human Services (DHHS) recommendation of 150 minutes of moderate intensity 
AA/wk.ᵇ2008 DHHS recommendation of 2 days/wk of MSA. cboth “a” and “b”; dneither “a” nor “b”;  HRD: high 
risk for diabetes due to self-reported gestational diabetes or prediabetes; DM: overt diabetes Referent group: no 
diabetes 
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Table 5. Proportions of Pregnant Women Meeting the MSAᵃ Recommendations Among 
those who Meet the AAᵇ Recommendation 

 ND HRD DM 
n 1087 42 7 

Percent 27.8 26.9 16.5 
Standard Error 1.2 7.9 6.0 

P Value* = 0.3382 
*P value derived from Wald Chi-Square Test; ᵃ2008 Department of Health and Human Services (DHHS) 
recommendation of 2 days/wk of muscle strengthening activity; ᵇ2008 DHHS recommendation of 150 minutes of 
moderate intensity aerobic activity/wk; ND: no diabetes; HRD: high risk for diabetes due to self-reported 
gestational diabetes or prediabetes; DM: overt diabetes 
 

 

 DETERMINANTS OF PHYSICAL ACTIVITY  

 Table 6 describes the top three determinants associated with the odds of meeting the 2008 

DHHS recommendations. The odds of meeting the AA recommendation were predominantly 

negatively influenced by self-reported African American, Hispanic, or Asian race. The odds of 

meeting the MSA recommendation were positively impacted by consuming alcohol in the past 

30 days and completing more than high school and negatively impacted by having 1-3 children 

at home. The odds of meeting both and neither recommendations were highly influenced by a 

combination of the top three AA and MSA determinants. 
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Table 6. Top Three Determinants of Meeting AA and MSA Recommendations  

PA Recommendation Determinant  STB  P value  

AAᵃ     
1  African American  -1.28  <0.0001  
2  Hispanic  -1.16  0.0015  
3  Asian  -1.08  0.0043  

MSAᵇ     

1  Consumed Alcohol in Past 30 
Days  2.00  <0.0001  

2  Completed > HS  1.90  0.0002  
3  1-3 Children at Home  -1.62  <0.0001  

Both c    
1  1-3 Children at Home  -1.97  <0.0001  

2  Consumed Alcohol in Past 30 
Days  1.75  <0.0001  

3  African American  -1.58  0.016  
Neither d     

1  Consumed Alcohol in Past 30 
Days  -1.40  <0.0001  

2  Hispanic  1.37  0.0001  
3  African American  1.26  <0.0001  

HS: High School; PA: physical activity; AA: aerobic activity; MSA: muscle strengthening activity; ᵃ2008 
Department of Health and Human Services (DHHS) recommendation of 150 minutes of moderate intensity 
AA/wk.ᵇ2008 DHHS recommendation of 2 days/wk of MSA. c both “a” and “b”; d neither “a” nor “b”; STB: 
Standardized beta coefficient; All variables included in the model were diabetes risk status, age, race, education 
level, number of children in household, alcohol consumption, and smoking status 
 

 

 

 

TRENDS OF PHYSICAL ACTIVITY AND DIABETES RISK STATUS: 2011-2017 

 From Table 7, we can see no statistically significant change in meeting 2008 DHHS PA 

recommendations (P>0.05) across BRFSS interview years. However, the slight and consistent 

uptrend in MSA, from 15% in 2011 to 19% in 2017, should be noted. Furthermore, no 

significance was seen in distribution of DRS in pregnancy by interview year (Figure 1), although 

a five-fold increase in overt diabetes prevalence from 2011 to 2017 may be observed. 
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Table 7. Prevalence of Meeting PA Recommendations in Pregnancy by Year  

Year 

n 

2011 

(n=2773)  

2013 

(n=2638)  

2015 

(n=2031)  

2017 

(n=2155)  
χ2 Test  

Recommendation n (%)  n (%)  n (%)  n (%)  P-
Value  

AAᵃ 1122 (39.9)  1056 (38.1)  855 (37.8)  894 (40.7)  0.5954  

MSA ᵇ 438 (15.0)  469 (15.5)  403 (17.8)  444 (19.0)  0.1061  

Both c 284 (10.1)  295(9.8)  267 (11.6)  290 (11.7)  0.5129  

Percentages are weighted; ; ᵃ2008 Department of Health and Human Services (DHHS) recommendation of 150 
minutes of moderate intensity AA/wk.ᵇ2008 DHHS recommendation of 2 days/wk of MSA. cboth “a” and “b”  
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DISCUSSION 

This study combines GDM and PD together as one high-risk for diabetes group. Though 

secondary to diabetes, both GDM and PD carry gravid and post-gravid health threats (7,13-16). 

Given the relatively small numbers of self-reported pregnancy in our study population, and even 

lower prevalence of hyperglycemic pregnancies, we combined four recent survey years of 

BRFSS data in an attempt to acquire enough power to examine our associations of interest. 

 Lack of statistical significance in odds of meeting individual AA and MSA 

recommendations may be due to the overall diminished PA engagement in pregnancy (29), 

attenuating differences among DRS groups. Furthermore, relatively small sample sizes for DM 

Figure 1. Trends in Prevalence of Overt Diabetes and High-Risk for Overt Diabetes in 
Pregnancy: BRFSS 2011-2017 

 

Percentages are weighted. 
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and HRD groups may have contributed to a loss of statistical power to accurately demonstrate 

some relationships. With regards to meeting the AA guidelines, our study found no significant 

differences in ORs after adjusting for covariates in the fourth model.  This mirrors previous 

findings from a 2003 BRFSS study examining nonpregnant women ages 18-44 (n=4718), with 

and without a history of GDM where there was no difference in meeting the AA guidelines 

between groups after adjusting for age, race, education level, current employment, marital status, 

presence of children in household, smoking status, self-rated health, and BMI .  

Markedly observed in this study is the inverse association of overt diabetes and meeting 

both AA and MSA recommendations. This finding is reflective of a BRFSS study on 

nonpregnant women, reporting that non-pregnant women of a childbearing age with current 

diabetes are 40% more likely to fail to meet LTPA their recommendations compared with their 

non-diabetes counterparts (P<0.05). 

 Top determinants for odds of meeting the U.S. DHHS PA guidelines for adults closely 

mirrored differences in sample population characteristics. African American, Hispanic, and 

Asian race/ethnicities negatively influenced the odds of meeting AA recommendations. 

Although there was no significance in the distribution (P=0.1571), there may be intra-variability 

in these race/ethnicity categories. Specifically, 33% of the HRD group was Hispanic compared 

to 26% of the ND group and 21% of the DM group. Published evidence has identified Hispanic 

minority as major demographic risk factor for GDM, a large portion of the HRD group (16). 

Furthermore, being part an ethnic minority is associated with higher diabetes prevalence (30).  

We found that completing more than high school positively impacted the odds of meeting 

the MSA recommendations while lower education level has been identified as a predictor for 

T2DM (30). Having 1-3 children significantly contributed to higher odds of MSA. Having four 
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or more children was not a top determinant, most likely due to insufficient cell size. Future 

studies may consider using a broader “one or more children” category. Such dichotomization 

was used in a 2001-2003 BRFSS study that observed a higher prevalence of having at least one 

child in women with GDM (~87% vs ~66% in no GDM group; p<0.01). Furthermore, having 

GDM and at least one child living at home were associated with compromised healthy lifestyle 

behaviors (9).  

Given the widespread discouragement of alcohol consumption in pregnancy and 

deleterious effects of alcohol on fetal development (31), the strong positive influence of alcohol 

consumption on odds of meeting MSA and both recommendations in pregnancy seem peculiar. 

However, alcohol consumption has been observed to favorably improve the odds of  meeting 

MSA guidelines in adults with dyslipidemia and augmented waist circumference (32). In another 

study examining the relationship between alcohol consumption and metabolic syndrome in 

adults, moderate and above moderate alcohol consumption was positively associated with 

improved metabolic factors, including decreased PG levels (33). More research is needed to 

understand this relationship outside of pregnancy. However, existing evidence on the harmful 

effects of alcohol exposure on the fetus still warrant caution during pregnancy (31) 

This study was not without its limitations. The cross-sectional nature of BRFSS does not 

allow us to infer causality.  According to a 2015 CDC report, 31.1% of all U.S. women have 

PDM but only 14.1% are aware of their disease state (34). Since our study relied on self-report, 

we may have mistakenly classified a large percentage of high-risk women as normal, which may 

have buffered the true influence of diabetes status on PA participation. Variables that may 

provide additional information when accounting for risk that were not included in the survey 

include pre-pregnancy BMI, specific diabetes subtypes, pre-conception care, and 
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contraindications to exercise. In particular, the lack of information on gestational age hindered us 

from identifying women that may be overweight or obese and whether they were far enough 

along to be eligible for GDM screening/diagnosis. Furthermore, the study sample size did not 

allow examination of determinants of PA by DRS, due to unstable cell sizes.  

Although MSA recommendations are not specified in the 2018 DHHS guidelines for 

pregnant women, we opted to include the MSA guidelines of two days of MSA per week in the 

general adult population. Strength training needs greater emphasis due to its role in diabetes 

prevention. In a prospective cohort study (35), resistance exercise and lower intensity MSA were 

both associated with a lower risk of T2DM in the pooled analysis. Greater glycemic load 

increased with greater volume of MSA, suggesting improved insulin sensitivity with this mode 

of activity  (35). Resistance training has also been shown to improve feelings of fatigue 

associated with pregnancy (36,37). 

Preconception counseling, with PA included, is recommended by the ADA (38).Clinical 

recommendations for promoting exercise in pregnant women with PD, GDM, and T2DM have 

been established (22,39). However, many women with diabetes are not meeting with clinical 

providers to receive prenatal counseling (40). Moreover, cognitive dissonance may exist 

regarding healthy lifestyle and other lifestyle factors. Several strategies to increase PA 

participation in pregnancy have been proposed. In a systematic review examining behavior 

change interventions, goals and planning with feedback was found to be the most effective 

behavior change technique (41). Other interventions based on social support and self-efficacy 

have also proven effective (42,43). Interventions specifically targeting aspects of SES 

disadvantage may prove efficacious, as women at socioeconomic disadvantage are less likely to 

meet LTPA guidelines (44). 
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Furthermore, women in general may not be receiving quality counseling by their 

physicians on exercise in pregnancy (45, 46) It is essential that pregnant women are advised to 

exercise by their physicians as they will be more likely to engage in PA (47). Increased 

education by healthcare providers may also ameliorate feelings of uncertainty among certain 

women. Feeling unsafe/unsure about moderate PA may be associated with non-White 

race/ethnicity, low education, low income, and not participating in moderate PA with no 

intention to start exercising (48).  

 

CONCLUSION 

Pregnancy is an opportunity for clinicians to encourage healthy lifestyle patterns, 

including PA. This study illuminates the health disparities associated with DRS and PA 

participation in pregnancy. Future studies should examine PA prevalence using objective 

measures of PA participation, hyperglycemia, and clinical assessment of participants. Ultimately, 

increased efforts should be made for interventions targeted at improving health outcomes by 

breaching the gaps in regular AA and MSA participation during pregnancy for women with DM, 

and characteristics such as multiple children, lower education, and/or racial/ethnic minority 

backgrounds,  improving health outcomes. 
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