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Abstract

Background—Gestational weight gain (GWG) is a modifiable risk factor for obesity in women. 

Increased understanding of genetic influences on GWG has implications for the health of women. 

The purpose of this study was to explore the association of GNB3 and FTO risk alleles in pregnant 

women and prepregnancy body mass index (BMI), GWG, postpartum and infant birth weights.

Research design and methods—This was an observational, prospective candidate gene 

association study. Pregnant, low-income black women (N = 97) were enrolled in early pregnancy 

and followed until 6-months postpartum.

Results—GWG differed depending on number of FTO risk alleles. The mean 6-month 

postpartum BMI differed, although not significantly, by 4 kg/m2 between homozygous women. 

There was an interaction between the FTO risk allele and prepregnancy BMI (p = .022), with 

obese homozygote AA women having significantly higher mean GWG than obese TT women. 

Controlling for age and smoking the FTO gene and physical activity predicted GWG (p =.032). 

Although not statistically significant, women who carried the GNB3 T risk allele gained 6 pounds 

more than non-carriers, and mean 6-month postpartum BMI differed by 2.2 kg/m2 between 

homozygous women. Neither GNB3 nor FTO genes predicted prepregnancy BMI, infant birth 

weight or postpartum weight.

Conclusion—Obese women homozygote for the FTO risk allele were at greater risk for 

excessive GWG compared to non-risk allele homozygote obese women or non-obese women. This 

study provides evidence of the FTO gene’s effect on GWG in black women.

Obesity is an expanding epidemic that threatens the morbidity and mortality of women. The 

weight gained with childbearing contributes to the obesity epidemic and disease risk 

(Gunderson et al., 2009). Excessive gestational weight gain (GWG) based on the Institute of 

Medicine (IOM) recommendations, and prepregnancy body mass index (BMI), are known 

contributors to postpartum weight retention (Rasmussen & Yaktine, 2009). Gestational 

weight gain is a modifiable risk factor for obesity in women and genetic variants linked to 
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excessive gain could be markers for metabolic disease (Stuebe et al., 2010). The GWG of 

black women has a long-term effect on BMI increase 18 years after a first pregnancy (Groth, 

Holland, Meng, & Kitzman, 2013). Over 50% of pregnant women gain above the IOM 

recommendations (Simas et al., 2011) and therefore are at risk for long-term obesity, which 

is associated with negative health consequences such as hypertension, cardiovascular disease 

(CVD), diabetes mellitus, and osteoarthritis (Centers for Disease Control and Prevention 

(CDC), 2011). The IOM recommends a reduction in targeted GWG as a woman’s 

prepregnancy BMI increases: BMI < 18.5 kg/m2 should gain 28–40 pounds; BMI 18.5–24.9 

kg/m2 should gain 25–35 pounds; BMI 25–29.9 kg/m2 should gain 15–25 pounds, and BMI 

≥ 30 kg/m2 should gain 11–20 pounds (Rasmussen & Yaktine, 2009). The racial/ethnic 

group in the US with the highest prevalence of overweight/obesity is black women (Flegal, 

Carroll, Kit, & Ogden, 2012). Over 82% of black women are overweight or obese and nearly 

59% are obese (Flegal et al., 2012). Furthermore, over 33% of low-income black women are 

obese prior to pregnancy (Hinkle et al., 2012). Obesity is also known to increase the risk for 

poor pregnancy outcomes such as maternal (Huda, Brodie, & Sattar, 2010) and infant 

(Ruager-Martin, Hyde, & Modi, 2010) metabolic complications, infant small for gestational 

age (SGA) and preterm birth (Ruager-Martin et al., 2010). Development of obesity prior to 

the end of the childbearing years has a further detrimental effect because maternal obesity is 

accompanied by an increase in pregnancy complications (Nohr et al., 2005; Robinson, 

O’Connell, Joseph, & McLeod, 2005) and offspring are at increased risk for childhood 

overweight (Whitaker, 2004). Low-income black women experience more weight-related 

risks postpartum (i.e., weight retention and overweight/obesity) than low-income white 

women (Walker, Fowles, & Sterling, 2011). Additionally, black women consistently deliver 

more LBW infants than white women, even with similar gestational weight gains (Caulfield, 

Witter, & Stoltzfus, 1996; Schieve, Cogswell, & Scanlon, 1998).

Genetic influence on pregnancy weight gain

Two genome wide association studies (GWAS) have assessed obesity and diabetes genes 

during pregnancy (Lawlor et al., 2011; Stuebe et al., 2010). The conclusions of the two 

studies are equivocal. Stuebe and colleagues cited evidence that several diabetes and obesity 

risk alleles are associated with GWG; these alleles interact with maternal prepregnancy BMI 

to predict GWG. Conversely, investigation in the United Kingdom by Lawlor et al. indicated 

obesity related risk genes are not associated with GWG. These two studies differed in 

sample size (N = 960; N = 6426 respectively) and sample composition (diverse sample of 

Caucasian and African American women; racial diversity not reported, respectively). 

Additionally, GWG was calculated as a difference between prepregnancy weight and final 

weight before delivery (Stuebe et al., 2010) vs. weight change calculated for three time 

points across pregnancy (Lawlor et al., 2011) resulting in different statistical modelling of 

GWG.

Candidate gene association studies of the GNB3 C825T (rs5443) single nucleotide 

polymorphism (SNP) suggest an association of the T risk allele with GWG (Dishy et al., 

2003), postpartum weight retention (Gutersohn, Naber, Muller, Erbel, & Siffert, 2000), and 

low birth weight (Hocher et al., 2000). One study suggested that women homozygous for the 

T allele are more likely to retain weight in the first year postpartum when physical activity 
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level is less than 1 hour/week, compared with women whose physical activity level is over 1 

hour/week (Gutersohn et al., 2000). In the non-pregnant population this SNP appears to 

interact with physical activity (Grove et al., 2007; Gutersohn et al., 2000; Hauner, Meier, 

Jockel, Frey, & Siffert, 2003). It has also been associated with hypertension (Dong et al., 

1999; Schunkert, Hense, Doring, Riegger, & Siffert, 1998; Siffert et al., 1998), obesity 

(Danoviz, Pereira, Mill, & Krieger, 2006; Grove et al., 2007), and metabolic syndrome 

(Siffert, 2005) in the non-pregnant population. A cross-sectional study that examined this 

SNP and physical activity in an African American sample reported a significant interaction 

between the T allele and physical activity on obesity (Grove et al., 2007); there was a 20% 

reduction in obesity for each T allele and conversely, with low levels of physical activity, 

obesity prevalence increased by 23%. Worldwide measurement of distribution of the 825T 

allele indicates the percent distribution in the US for Blacks is approximately 70–72% 

(Siffert et al., 1999). A second report indicates world-wide frequencies of 82% in Africans 

and 30% in Caucasians (Rosskopf et al., 2002).

Of the obesity related genes, the FTO (rs9939609) has been studied to a greater extent than 

the others. The A allele is the risk allele and for heterozygotes (AT) there appears to be an 

intermediate effect (Frayling et al., 2007; Song et al., 2008). Findings from extended studies 

suggest that the FTO gene affects insulin resistance (Do et al., 2008; Legry et al., 2009) and 

is associated with type 2 diabetes (Ng et al., 2008; Yajnik et al., 2009) and increased risk for 

gestational diabetes mellitus (Cho et al., 2009; Freathy et al., 2008; Huopio et al., 2013; 

Lauenborg et al., 2009; Yajnik et al., 2009). Furthermore, the FTO gene appears to influence 

eating patterns (Sonestedt et al., 2009; Tanofsky-Kraff et al., 2009; Timpson et al., 2008) and 

interact with physical activity (Andreasen et al., 2008; Sonestedt et al., 2009). It has also 

been associated with GWG in thin and obese Caucasian women homozygous for the high 

risk allele (Stuebe et al., 2010). In pregnant women from the United Kingdom it has been 

associated with prepregnancy weight and BMI (Lawlor et al., 2011).

Genetic effects on behavioral and health may differ across the life-course. The myriad of 

biological and behavioral changes that occur during pregnancy can also compound these 

genetic influences (Wehby & Scholder, 2013). Given the long-term detrimental effects of 

excessive GWG, increasing our understanding of genetic influences on GWG, a modifiable 

risk factor for obesity, has implications for the health of women. The purpose of this study 

was to explore the association of GNB3 and FTO risk alleles in pregnant black women and 

their prepregnancy BMI, GWG, postpartum weight, and infant birth weights.

Methods

Design and Sample

This study was an observational, prospective candidate gene association study. Following 

IRB approval we enrolled 97 pregnant low-income black women and followed them from 

prior to 20 weeks gestation until six months postpartum. Women were included if they were 

over 18 years of age, entered prenatal care prior to 20 weeks gestation, had a singleton 

pregnancy and had a prepregnancy BMI greater than 18.5 kg/m2 and less than 40.0 kg/m2. 

Multiple fetuses influence total GWG and the recommendations for GWG are provisional 

and differ from singleton pregnancies (Rasmussen & Yaktine, 2009). The IOM 
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recommendations for obese women apply to all women who are obese, but the data are 

limited for supporting application to women at the highest obesity levels. The prevalence of 

underweight women in this population is small and they are unlikely to gain excessively 

during pregnancy (Rassmussen & Yaktine, 2009). Women were excluded if they had a 

medical or psychiatric condition that could preclude informed consent or medical conditions 

that could influence weight gain or loss (i.e., diabetes, gastrointestinal problems, 

hypertension treated with medications). Data were collected prior to 22 weeks gestation, 24–

29 weeks gestation, 32–37 weeks gestation during pregnancy and post-pregnancy at 6 weeks 

and 6 months postpartum.

Measures

Investigators collected demographic characteristics, prepregnancy or early pregnancy weight 

and height at baseline, and final pregnancy weight. Weight and physical activity were 

obtained at all data collection time points. Pregnancy and delivery data, along with newborn 

weights, were abstracted from the medical records after delivery. Prepregnancy BMI was 

calculated using the medical record abstracted weights and measured heights (kg/m2).

Gestational weight gain was calculated by subtracting the prepregnancy/early pregnancy 

weight from the final weight before delivery. If there was a recent weight in the medical 

record (within 3 months prior to pregnancy) it was used. Alternatively, the first weight 

obtained after the initiation of prenatal care was used if it was prior to 14 weeks gestation. 

Although the usual amount of weight gain in the first trimester is relatively small (~1 kg) 

(Rasmussen & Yaktine, 2009), using early pregnancy weight might slightly underestimate 

actual gestational weight gain. If the initial weight was obtained after 14 weeks gestation, it 

was adjusted downward by the estimated average weekly GWG during the second trimester 

of pregnancy (Rasmussen & Yaktine, 2009).

Physical activity during pregnancy was measured using the Pregnancy Physical Activity 

Questionnaire (PPAQ), which has been tested in pregnant women and found to have high 

reliability (r = 0.78–0.93) and established validity (Chasan-Taber et al., 2004). Whether 

women reported smoking during pregnancy was dichotomized as yes/no.

Genetic data—Oragene DNA self-collection kits (DNA Genotek Corporation, Ottawa, 

Canada) were used to collect saliva samples at the time of study enrollment. The saliva was 

purified using the prepIT-L2P plate purification protocol from DNAgenotek. The extracted 

DNA was then quantified on a NanoDrop 1000 Spectrophotometer and normalized to 

15ng/uL for SNP genotyping. 30ng was used for each polymerase chain reaction (PCR). 

Samples were run in single reactions for each FTO and GNB3 TaqMan SNP genotyping 

assay. TaqMan Universal PCR Master Mix (No AmpErase UNG), and TaqMan SNP 

genotyping assays were plated automatically into a 384-well plate using the CAS 1200 

robotics system. The real-time PCR reaction was run on Applied BioSystem’s (Life 

Technologies) 7900HT real-time instrument using the software SDS 2.4.1. Immediately after 

the real-time PCR finished, a post read was completed. SDS 2.4.1 was also used to perform 

analysis and auto-call genotypes.
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Data analysis

Data were analyzed using SPSS (Statistical Package for the Social Sciences) version 20.0. 

Descriptive statistics included means, standard deviations, frequencies, and percentages. 

Comparisons of GWG, infant birth weight and 6-month postpartum weight among gene 

allele combinations were made using Student’s t-test. Body mass index was a continuous 

variable for all analyses and standard categories of underweight (BMI <18.5 kg/m2), normal 

weight (BMI ≥ 18.5 kg/m2 to 24.9 kg/m2), overweight (BMI ≥ 25.kg/m2-29.9), and obese 

(BMI ≥ 30 kg/m2) were used to categorize prepregnancy BMI.

Following bivariate analyses of all demographic variables and their relationships to 

prepregnancy BMI, GWG, infant birth weight and 6-month postpartum BMI, linear 

regression models were used to explore differences based on genotype (controlling for 

physical activity, age, parity, and smoking), with prepregnancy BMI, GWG, infant birth 

weight and 6-month postpartum BMI as outcome variables. Level of significance was set at 

p < 0.05. Simple effects analysis was used to examine the FTO gene effect on GWG for 

women in each of the prepregnancy BMI categories.

The associations between the FTO gene and physical activity with GWG were estimated 

using linear regression. Three models were used that included physical activity for each of 

three measurement time points during pregnancy. Covariates described above were initially 

included in the models. However, the overall models were not significant with all covariates, 

so non-significant terms with the highest p-values were removed until model significance 

was reached.

Results

The sample included 97 women of which 89% delivered at term (≥ 37 weeks gestation). 

Maternal age ranged from 18–36 years old and over two-thirds of the sample were 

multiparous (Table 1). Mean GWG was 31.5 pounds; two women who were obese prior to 

pregnancy lost weight, and for those who gained weight during pregnancy the GWG ranged 

from 7–87 pounds. The SNP genotyping distribution for the GNB3 and FTO alleles is 

provided in Tables 2. There was no deviation from Hardy-Weinberg equilibrium (HWE: 

GNB3 X2 = .09, df = 1, p = .76; FTO X2 = 2.15, df = 1, p = 0.14). Of the initial bivariate 

analyses to determine the relationship of demographic factors to GWG, only age and parity 

were predictive of GWG (p = .017; p = .006 respectively). Bivariate models examining 

demographics and outcomes of prepregnancy BMI, infant birth weight and 6-month 

postpartum BMI were not significant.

Association between genotype and prepregnancy BMI, gestational weight gain, infant birth 
weight and 6-month postpartum BMI

GNB3 gene—Comparison of mean GWG among the GNB3 allele combinations suggests 

the heterozygotes (TC) were similar to the risk allele homozygotes (TT) (Table 2). There 

was a 6-pound higher GWG for CT/TT women compared to CC women. However the 

difference was not significant (p = .363). When women homozygous for the risk allele (TT) 

were compared to women without the risk allele (CC) the relationship was non-significant (p 
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= .295). Six month postpartum BMI was not significantly different depending on genotype, 

although there was a 2.2 kg/m2 BMI difference between TT and CC women, with the 

homozygotes for the risk T allele having a higher BMI. The relationships between genotype 

and prepregnancy BMI and infant birth weight were not significant.

FTO gene—Gestational weight gain differed depending on number of A alleles (Table 2). 

Women with two risk alleles (AA) gained more than women with a single or no risk allele. 

There was a non-significant difference when carriers of the risk allele (AT/AA) were 

compared to non-risk TT women (p = .17). When homozygotes (AA vs. TT) were compared 

the difference in GWG was not significant (p = .051).

FTO risk alleles were not associated with prepregnancy BMI. Nevertheless, we tested for an 

interaction between FTO homozygotes and prepregnancy BMI based on previous reports of 

an interaction effect (Stuebe et al., 2010), and noted that the mean GWGs for each 

prepregnancy BMI category were different: normal weight = 35 pounds; overweight = 35.1 

pounds, and obese = 27 pounds. There was a significant interaction between the FTO gene 

and prepregnancy BMI (Table 3). Subgroup analysis of prepregnancy BMI categories 

showed a significant difference in the mean GWG of homozygotes for the A risk allele 

compared to homozygotes for the T allele in obese women (t = 3.03; p = .009); homozygotes 

(n = 8) for the A risk allele gained 41.5 pounds (SD = 15.8) compared to T homozygotes (n 

= 8) who gained 19 pounds (SD = 13.9). Yet for these obese women, there was not a 

statistically significant difference in BMI at 6-months postpartum based on genotype (p = .

18), although the mean BMI for non-risk allele (TT) women was 35.8 kg/m2 compared to 

40.0 kg/m2 for risk allele (AA) women.

Associations between the FTO gene and physical activity with GWG were estimated using 

linear regression. Three models were used, one for each of the three different time points 

when physical activity was measured during pregnancy. Covariates described above were 

initially included in the models. However, the overall models were not significant with all 

covariates included, so non-significant terms with the highest p-values were removed until 

model significance was reached. For early pregnancy, significance was reached when age, 

total physical activity and FTO (AA or TT) variables were in the final model: 16.5% of the 

variance in GWG was explained (F [3, 36] = 3.58; p = .023). Controlling for age, the FTO 
gene (homozygotes only) predicted GWG (b = −13.48; p = .007) and physical activity was 

not significant (b = .053; p = .062).

Similarly, the initial model that included physical activity at mid-pregnancy was not 

significant. Statistical significance was identified when FTO, age, smoking, and physical 

activity were retained in the model (p = .032), explaining 24.4% of the variance in GWG 

(Table 4). Controlling for age and smoking, the FTO gene (homozygotes only) and physical 

activity predicted GWG. The model that included physical activity late in pregnancy did not 

reach statistical significance. There was no interaction between physical activity and the 

FTO homozygotes in any of the models tested.
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Discussion

The interaction between the FTO gene and prepregnancy BMI suggests that the GWG of 

obese women homozygous for the A risk allele differs from other women. These women 

were at greater risk of excessive GWG than obese women who did not carry the risk allele, 

as well as non-obese women who carried the risk allele. The mean GWG for obese 

homozygote (AA) women was 22.5 pounds greater compared to non-risk obese homozygote 

(TT) women. This finding is consistent with that of Stuebe et al. (2010) who reported 

increased risk of excessive GWG in obese white women. These data suggest that excessive 

GWG may have contributed to longer-term BMI increase for women carrying the risk alleles 

since their mean BMI at 6-months postpartum was 4.2 kg/m2 higher than women carrying 

the non-risk alleles. If so, for these women, there is an increased risk for the long-term 

negative health consequences associated with increasing obesity.

There appeared to be an intermediate effect of the FTO risk allele on GWG, which is similar 

to the findings for African American women as reported by Stuebe et al. (Stuebe et al., 

2010). However, in our sample there was not an intermediate effect of the FTO risk allele on 

prepregnancy BMI as reported by Lawlor et al. (Lawlor et al., 2011). The sample in that 

study was from the United Kingdom and the report did not specify racial/ethnic 

composition. The non-significant finding (p = .051) of GWG difference depending on 

homozygosity for the risk allele as opposed to the non-risk allele suggests that there may be 

an effect of the FTO gene on GWG in black women that could be detected in a larger 

sample.

In this study, incorporating mid-pregnancy physical activity into the model examining the 

effects of the FTO gene on GWG, as well as controlling for age and smoking, explained the 

greatest amount of variance in GWG (24.4%). Levels of physical activity were highest 

earlier in pregnancy and declined from early to late pregnancy, which is consistent with 

literature regarding physical activity levels during pregnancy (Currie, et al., 2013; Pereira et 

al., 2007). Yet, mid-pregnancy is the one time point where physical activity had an effect on 

GWG. Of interest, the positive relationship between mid-pregnancy physical activity and 

GWG was not in the expected direction. As physical activity (MET-h/week) increased, 

GWG also increased. On average, women gain about one pound/week during mid-pregnancy 

and the level of physical activity in these women may have been low enough that it did not 

counteract the typical weight gain of pregnancy. Two-thirds of homozygote women with a 

measure of physical activity at mid-pregnancy were homozygous for the risk allele (AA). It 

is plausible that the genetic influence of this risk allele may have been stronger than the 

impact of physical activity on GWG. In bivariate analyses physical activity was not an 

independent predictor of GWG and the FTO gene neared significance, which suggests that 

there may be an interaction effect that could be detected in a larger sample.

In this study the GNB3 gene was not significantly related to prepregnancy BMI, GWG, 

infant birth weight, or 6-month postpartum BMI,. nor was there an interaction with physical 

activity during pregnancy. Yet, in this sample of black women we documented a 6-pound 

difference in mean GWG between women homozygous for the TT vs. CC alleles, suggesting 

there may be a relationship between the GNB3 gene and GWG. This is the only study of the 
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GNB3 C825T gene that has focused on black women and GWG. In a similar study of white 

nulliparous women the GNB3 gene and GWG were significantly related (Gutersohn et al., 

2000). In that study the TC/CC combination was compared to homozygous TT women and 

in our sample GWG in TC women was more similar to TT women than CC women, thus it 

was not helpful to combine the sample in a similar manner.

Limitations

The limitations of this study warrant consideration. The findings are limited to black women 

and cannot be generalized to a larger population. The sample size is relatively small for a 

genetic study and reduced our ability to detect differences in women with different 

genotypes. However, we did find associations specific to the FTO gene consistent with what 

has been reported in the literature in other populations (Lawlor et al., 2011; Stuebe et al., 

2010). By including only homozygotes in our statistical models we were able to identify 

differences not seen when the intermediate effect of heterozygotes was present. Findings 

related to the GNB3 gene were limited by the small number of homozygote women with the 

non-risk allele although a non-significant difference in GWG was evident. Furthermore, 

results for 6-months postpartum were questionable due to the limited sample size of GNB3 
CC and FTO TT women at 6-months postpartum (n=4).

Conclusion and Implications for Clinical Practice

In summary, we identified that obese women homozygote for the FTO risk allele were at 

greater risk for excessive GWG compared to either non-risk allele homozygote obese 

women or non-obese women. Furthermore, in models examining the FTO gene effect on 

GWG, the addition of physical activity in mid-pregnancy improved the explanation of 

GWG.

Obese women are known to be at greater risk of gaining excessively during pregnancy 

(Rasmussen & Yaktine, 2009) although it is not known why this is so. Knowing that 

excessive GWG could be related to FTO risk allele status, as opposed to behavioral 

influences alone, can help to guide how nurses approach and manage GWG in obese 

women. The opportunity to create specific GWG guidelines for obese women homozygous 

for the FTO risk allele could improve management of their GWG and consequently decrease 

their pregnancy-related health risks. The possibility of predicting which obese women are 

more likely to gain excessively during pregnancy could allow nurses and other care 

providers to provide the best targeted guidance on GWG for each woman, thereby improving 

outcomes for both mother and infant. Personal health planning, or individual guidance, has 

been found to be effective for weight reduction with postpartum women following excessive 

GWG (Yang, Wroth, Parham, Strait, & Simmons, 2013) and individual guidance based on 

genetic information may be useful during pregnancy to prevent excessive weight gain. Black 

women perceive a need for information on appropriate GWG and safe physical activity 

(Shieh & Weaver, 2011). Nurses could provide this information and guidance based on 

genetic predisposition.

Physical activity, specifically during mid-pregnancy, influenced GWG but not as expected. 

Further research is warranted to understand the relationship of physical activity with the 
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FTO gene, as well as its clinical relevance to GWG. Physical activity may affect GWG 

depending on genetic risk, but is recommended during pregnancy for all women (ACOG, 

2002) and improves pregnancy outcomes (Currie, et al., 2013). Prior work suggests low-

income women would welcome learning how to increase their physical activity from care 

providers (Yeo & Logan, 2014). Nurses are positioned to motivate pregnant women and 

provide information on how they can stay active.

The ability to detect genetic associations with complex disease entities such as obesity has 

proved to be challenging, with a relatively small amount of the overall genetic risk of obesity 

being explained. The risk alleles that have been identified in candidate gene association 

studies and in genome wide association studies (GWAS) have proven to have small effect 

sizes. Building evidence of genetic effects on obesity requires replication of findings across 

multiple samples and populations. This study adds to the science by providing evidence of 

the FTO gene’s effect on GWG in black women.

Acknowledgments

This work was supported by the National Center for Research Resources, a component of the National Institutes of 
Health grant KL2 RR024136-03: National Institute of Nursing Research grant K23NR010748.

References

American College of Obstetricians and Gynecologists (ACOG). Exercise during pregnancy and the 
postpartum period. Obstetrics & Gynecology. 2002; 99:171–173. [PubMed: 11777528] 

Andreasen CH, Stender-Petersen KL, Mogensen MS, Torekov SS, Wegner L, Andersen G, … Hansen 
T. Low physical activity accentuates the effect of the FTO rs9939609 polymorphism on body fat 
accumulation. Diabetes. 2008; 57(1):95–101. [PubMed: 17942823] 

Caulfield LE, Witter FR, Stoltzfus RJ. Determinants of gestational weight gain outside the 
recommended ranges among Black and White women. Obstetrics & Gynecology. 1996; 87:760–
766. [PubMed: 8677082] 

Centers for Disease Control and Prevention (CDC). Chronic Disease Prevention and Health Promotion. 
2011. Retrieved 10/30/2012 http://www.cdc.gov/chronicdisease/resources/publications/AAG/
obesity.htm

Chasan-Taber L, Schmidt MD, Roberts DE, Hosmer D, Markenson G, Freedson PS. Development and 
validation of a Pregnancy Physical Activity Questionnaire. Medicine & Science in Sports & 
Exercise. 2004; 36(10):1750–1760. [PubMed: 15595297] 

Cho YM, Kim TH, Lim S, Choi SH, Shin HD, Lee HK, … Jang HC. Type 2 diabetes-associated 
genetic variants discovered in the recent genome-wide association studies are related to gestational 
diabetes mellitus in the Korean population. Diabetologia. 2009; 52(2):253–261. [PubMed: 
19002430] 

Currie S, Sinclair M, Murphy M, Madden E, Dunwoody L, Liddle D. Reducing the Decline in Physical 
Activity during Pregnancy: A Systematic Review of Behaviour Change Interventions. PLoS ONE. 
2013; 8(6):e66385. [PubMed: 23799096] 

Danoviz ME, Pereira AC, Mill JG, Krieger JE. Hypertension, obesity and GNB 3 gene variants. 
Clinical & Experimental Pharmacology & Physiology. 2006; 33(3):248–252. [PubMed: 16487269] 

Dishy V, Gupta S, Landau R, Xie HG, Kim RB, Smiley RM, … Stein CM. G-protein β3 subunit 
825C/T polymorphism is associated with weight gain during pregnancy. Pharmacogenetics. 2003; 
13:241–242. [PubMed: 12668921] 

Do R, Bailey S, Desbiens K, Belisle A, Montpetit A, Bouchard C, … Engert J. Genetic variants of 
FTO influence adiposity, insulin sensitivity, leptin levels, and resting metabolic rate in the Quebec 
Family Study. Diabetes. 2008; 57(4):1147–1150. DOI: 10.2337/db07-1267 [PubMed: 18316358] 

Groth and Morrison-Beedy Page 9

Biol Res Nurs. Author manuscript; available in PMC 2017 July 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.cdc.gov/chronicdisease/resources/publications/AAG/obesity.htm
http://www.cdc.gov/chronicdisease/resources/publications/AAG/obesity.htm


Dong Y, Zhu H, Sagnella GA, Carter ND, Cook DG, Cappuccio FP. Association between the C825T 
polymorphism of the G protein beta3-subunit gene and hypertension in blacks. Hypertension. 
1999; 34(6):1193–1196. [PubMed: 10601117] 

Flegal KM, Carroll MD, Kit BK, Ogden CL. Prevalence of obesity and trends in the distribution of 
body mass index among US adults, 1999–2010. JAMA. 2012; 307:491–497. [PubMed: 22253363] 

Frayling TM, Timpson NJ, Weedon MN, Zeggini E, Freathy RM, Lindgren CM, … McCarthy MI. A 
common variant in the FTO gene is associated with body mass index and predisposes to childhood 
and adult obesity. Science. 2007; 316:889–894. [PubMed: 17434869] 

Freathy RM, Timpson NJ, Lawlor DA, Pouta A, Ben-Shlomo Y, Ruokonen A, … Frayling TM. 
Common variation in the FTO gene alters diabetes-related metabolic traits to the extent expected 
given its effect on BMI. Diabetes. 2008; 57(5):1419–1426. [PubMed: 18346983] 

Groth S, Holland M, Meng Y, Kitzman H. Gestational Weight Gain of Pregnant African American 
Adolescents Affects Body Mass Index 18 Years Later. Journal of Obstetric, Gynecologic, & 
Neonatal Nursing. 2013; 42:541–550. DOI: 10.1111/1552-6909.12230

Grove ML, Morrison A, Folsom AR, Boerwinkle E, Hoelscher DM, Bray MS. Gene-environment 
interaction and the GNB3 gene in the Atherosclerosis Risk in Communities study. International 
Journal of Obesity. 2007; 31(6):919–926. [PubMed: 17299380] 

Gunderson EP, Jacobs DR Jr, Chiang V, Lewis CE, Tsai A, Quesenberry CP Jr, Sidney S. Childbearing 
is associated with higher incidence of the metabolic syndrome among women of reproductive age 
controlling for measurements before pregnancy: the CARDIA study. American Journal of 
Obstetrics & Gynecology. 2009; 201(2)

Gutersohn A, Naber C, Muller N, Erbel R, Siffert W. G protein β3 subunit 825 TT genotype and post-
pregnancy weight retention. The Lancet. 2000; 355:1240–1241.

Hauner H, Meier M, Jockel KH, Frey UH, Siffert W. Prediction of successful weight reduction under 
sibutramine therapy through genotyping of the G-protein beta3 subunit gene (GNB3) C825T 
polymorphism. Pharmacogenetics. 2003; 13(8):453–459. [PubMed: 12893983] 

Hinkle S, Sharma A, Kim S, Park S, Dalenius K, Brindley P, Grummer-Strawn L. Prepregnancy 
Obesity Trends Among Low-Income Women, United States, 1999–2008. Maternal and Child 
Health. 2012; 16:1339–1348.

Hocher B, Slowinski T, Stolze T, Pleschka A, Neumayer HH, Halle H. Association of maternal G 
protein β3 subunit 825T allele with low birthweight. The Lancet. 2000; 355:1241–1242.

Huda SS, Brodie LE, Sattar N. Obesity in pregnancy: prevalence and metabolic consequences. 
Seminars In Fetal & Neonatal Medicine. 2010; 15(2):70–76. [PubMed: 19896913] 

Huopio H, Cederberg H, Vangipurapu J, Hakkarainen H, Paakkonen M, Kuulasmaa T, … Laakso M. 
Association of risk variants for type 2 diabetes and hyperglycemia with gestational diabetes. 
European Journal of Endocrinology. 2013; 169:291–297. [PubMed: 23761423] 

Lauenborg J, Grarup N, Damm P, Borch-Johnsen K, Jorgensen T, Pedersen O, Hansen T. Common 
type 2 diabetes risk gene variants associate with gestational diabetes. Journal of Clinical 
Endocrinology & Metabolism. 2009; 94(1):145–150. [PubMed: 18984664] 

Lawlor D, Fraser A, Macdonald-Wallis C, Nelson S, Palmer T, Smith G, Tilling K. Maternal and 
offspring adiposity-related genetic variants and gestational weight gain. American Journal of 
Clinical Nutrition. 2011; 94:149–155. [PubMed: 21593506] 

Legry V, Cottel D, Ferrières J, Arveiler D, Andrieux N, Bingham A, … Meirhaeghe A. Effect of an 
FTO polymorphism on fat mass, obesity, and type 2 diabetes mellitus in the French MONICA 
Study. Metabolism. 2009; 58:971–975. [PubMed: 19375760] 

Ng MC, Park KS, Oh B, Tam CH, Cho YM, Shin HD, … Cho NH. Implication of genetic variants near 
TCF7L2, SLC30A8, HHEX, CDKAL1, CDKN2A/B, IGF2BP2, and FTO in type 2 diabetes and 
obesity in 6,719 Asians. Diabetes. 2008; 57:2226–2233. [PubMed: 18469204] 

Nohr EA, Bech BH, Davies MJ, Frydenberg M, Henriksen TB, Olsen J. Prepregnancy obesity and fetal 
death: a study within the Danish National Birth Cohort. Obstetrics & Gynecology. 2005; 106:250–
259. [PubMed: 16055572] 

Pereira MA, Rifas-Shiman SL, Kleinman KP, Rich-Edwards JW, Peterson KE, Gillman MW. 
Predictors of change in physical activity during and after pregnancy: Project Viva. American 
Journal of Preventive Medicine. 2007; 32(4):312–319. [PubMed: 17383562] 

Groth and Morrison-Beedy Page 10

Biol Res Nurs. Author manuscript; available in PMC 2017 July 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Rasmussen, KM., Yaktine, AL., editors. Weight Gain During Pregnancy: Reexamining the Guidelines. 
Washington DC: The National Academies Press; 2009. 

Robinson HE, O’Connell CM, Joseph KS, McLeod NL. Maternal outcomes in pregnancies 
complicated by obesity. Obstetrics & Gynecology. 2005; 106:1357–1364. [PubMed: 16319263] 

Rosskopf D, Manthey I, Siffert W, Rosskopf D, Manthey I, Siffert W. Identification and ethnic 
distribution of major haplotypes in the gene GNB3 encoding the G-protein beta3 subunit. 
Pharmacogenetics. 2002; 12(3):209–220. [PubMed: 11927836] 

Ruager-Martin R, Hyde MJ, Modi N. Maternal obesity and infant outcomes. Early Human 
Development. 2010; 86:715–722. [PubMed: 20846795] 

Schieve L, Cogswell M, Scanlon K. An empiric evaluation of the Institute of Medicine’s pregnancy 
weight gain guidelines by race. Obstetrics & Gynecology. 1998; 91:878–884. [PubMed: 9610990] 

Schunkert H, Hense HW, Doring A, Riegger GA, Siffert W. Association between a polymorphism in 
the G protein beta3 subunit gene and lower renin and elevated diastolic blood pressure levels. 
Hypertension. 1998; 32(3):510–513. [PubMed: 9740618] 

Shieh C, Weaver M. Comparisons in perceived importance of and needs for maternal gestational 
weight information between African American and Caucasian pregnant women. The Journal of 
Perinatal Education. 2011; 20(2):100–107. DOI: 10.1891/1058-1243.20.2.100 [PubMed: 
22379358] 

Siffert W. G protein polymorphisms in hypertension, atherosclerosis, and diabetes. Annual Review of 
Medicine. 2005; 56:17–28.

Siffert W, Forster P, Jockel KH, Mvere DA, Brinkmann B, … Naber C, et al. Worldwide ethnic 
distribution of the G protein beta3 subunit 825T allele and its association with obesity in 
Caucasian, Chinese, and Black African individuals. Journal of the American Society of 
Nephrology. 1999; 10(9):1921–1930. [PubMed: 10477144] 

Siffert W, Rosskopf D, Siffert G, Busch S, Moritz A, Erbel R, … Horsthemke B. Association of a 
human G-protein beta3 subunit variant with hypertension. Nature Genetics. 1998; 18(1):45–48. 
[PubMed: 9425898] 

Simas TAM, Liao X, Garrison A, Sullivan GMT, Howard AE, Hardy JR. Impact of updated Institute of 
Medicine guidelines on prepregnancy body mass index categorization, gestational weight gain 
recommendations, and needed counseling. Journal of Women’s Health. 2011; 20(6):837–844.

Sonestedt E, Roos C, Gullberg B, Ericson U, Wirfalt E, Orho-Melander M. Fat and carbohydrate 
intake modify the association between genetic variation in the FTO genotype and obesity. 
American Journal of Clinical Nutrition. 2009; 90(5):1418–1425. [PubMed: 19726594] 

Song Y, You N, Hsu Y, Howard B, Langer R, Manson J, … Liu S. FTO Polymorphisms Are 
Associated With Obesity but Not Diabetes Risk in Postmenopausal Women. Obesity. 2008; 
16:2472–2480. DOI: 10.1038/oby.2008.408 [PubMed: 18787525] 

Stuebe AM, Lyon H, Herring AH, Ghosh J, Wise A, North KE, Siega-Riz AM. Obesity and diabetes 
genetic variants associated with gestational weight gain. American Journal of Obstetrics & 
Gynecology. 2010; 203(3)

Tanofsky-Kraff M, Han JC, Anandalingam K, Shomaker LB, Columbo KM, Wolkoff LE, … Yanovski 
JA. The FTO gene rs9939609 obesity-risk allele and loss of control over eating. American Journal 
of Clinical Nutrition. 2009; 90(6):1483–1488. [PubMed: 19828706] 

Timpson NJ, Emmett PM, Frayling TM, Rogers I, Hattersley AT, McCarthy MI, Davey Smith G. The 
fat mass- and obesity-associated locus and dietary intake in children. American Journal of Clinical 
Nutrition. 2008; 88(4):971–978. [PubMed: 18842783] 

Walker L, Fowles E, Sterling B. The Distribution of Weight-Related Risks Among Low-Income 
Women During the First Postpartum Year. Journal of Obstetrics, Gynecology and Neontal Nursing. 
2011; 40:198–205. DOI: 10.1111/j.1552-6909.2011.01231.x

Wehby G, Scholder S. Genetic Instrumental Variable Studies of Effects of Prenatal risk Factors. 
Biodemography and Social Biology. 2013; 59(1):4–36. [PubMed: 23701534] 

Whitaker RC. Predicting preschooler obesity at birth: the role of maternal obesity in early pregnancy. 
Pediatrics. 2004; 114(1):e29–36. [PubMed: 15231970] 

Groth and Morrison-Beedy Page 11

Biol Res Nurs. Author manuscript; available in PMC 2017 July 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Yajnik CS, Janipalli CS, Bhaskar S, Kulkarni SR, Freathy RM, Prakash S, … Chandak GR. FTO gene 
variants are strongly associated with type 2 diabetes in South Asian Indians. Diabetologia. 2009; 
52(2):247–252. [PubMed: 19005641] 

Yang N, Wroth S, Parham C, Strait M, Simmons L. Personalized Health Planning With Integrative 
Health Coaching to Reduce Obesity Risk Among Women Gaining Excess Weight During 
Pregnancy. Global Advances in Health and Medicine. 2013; 2(4):72–77. [PubMed: 24278848] 

Yeo S, Logan J. Preventing Obesity Exercise and Daily Activities of Low-Income Pregnant Women. 
journal of perinatal Nursing. 2014; 28(1):17–25.

Groth and Morrison-Beedy Page 12

Biol Res Nurs. Author manuscript; available in PMC 2017 July 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Groth and Morrison-Beedy Page 13

Table 1

Demographic Data

Variable N (%)

Age (years)

 • <20 23 (24)

 • 20–30 66 (68)

 • >30 8 (8)

Education (grade range = 3–16 years)

 • Some elementary school 4 (4)

 • Some high school 39 (40)

 • Completed high school 33 (34)

 • Beyond high school 21 (22)

Parity

 • Primiparous 30 (31)

 • Multiparous 67 (69)

Gestation

 • Preterm (< 37 weeks) 11 (11.3)

 • Term (≥ 37 weeks) 86 (88.7)

Marital status

 • Married 7 (7)

 • Single with partner 67 (69)

 • Never married, no partner 22 (23)

 • Separated 1 (1)

Insurance

 • Public 87 (90)

 • Private 10 (10)

Smoked 23 (24)

Variable Mean (SD)

Prepregnancy body mass index (BMI): kg/m2 28.6 (5.5)

Gestational weight gain: pounds 31.5 (16.2)

Infant birth weight (full term): grams 3326 (423)

BMI change: 6 mo. postpartum BMI - prepregnancy BMI 2.1 (3.0)

Physical activity during pregnancy (MET-hours/week)

 • < 22 weeks gestation 286.3 (120.9)

 • ≥ 22 & ≤ 29 weeks gestation 249.8 (96.3)

 • ≥ 32 weeks gestation 233.3 (100.6)

Note. N = 97
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Table 2

Distribution of GNB3 and FTO Genotype, Body Mass Index (BMI) and Weight Change

GNB3 alleles

TT TC CC

Allele frequency 43 35 8

Prepregnant BMI (kg/m2) 28.1 (4.9) 28.8 (5.9) 29.1 (7.3)

Gestational Weight Gain (pounds) 32.9 (15.5) 32.8 (18.1) 26.9 (9.0)

Infant birth weight (grams) 3363 (402) 3293 (438) 3276 (507)

6-month postpartum BMI (kg/m2) 30.1 (5.9) 30.6 (7.3) 27.9 (11.5)

FTO alleles

AA AT TT

Allele frequency 27 31 16

Prepregnant BMI (kg/m2) 27.8 (5.7) 30.3 (4.9) 29.9 (4.8)

Gestational Weight Gain (pounds) 36.3 (13.2) 31.0 (18.1) 27.1 (16.6)

Infant birth weight (grams) 3353 (420) 3320 (442) 3416 (468)

6-month postpartum BMI (kg/m2) 30.3 (7.9) 31.8 (6.2) 31.5 (5.1)

Note: Full-term deliveries only
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Table 3

Prepregnancy BMI and FTO Gene Interaction

Variable

Gestational weight gain

Model 1 B

Model 2

B 95% CI

Constant 48.76 32.48 [5.001, 59.95]

FTO AA vs. TT −8.27 50.67 [−2.700, 104.035 ]

Prepregnancy BMI .139 -.963 [-.829, 1.107]

FTO x prepregnancy BMI −2.01* [−3.805, −.216]

R2 (adjusted) .07 .16

F 2.58** 3.61*

ΔR2 (adjusted) .09

ΔF 1.03

Note: n = 42. CI = confidence interval

*
p< .05;

**
p < .10
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Table 4

Predictors of Gestational Weight Gain in Women Homozygous for the FTO Gene

Variable

Gestational weight gain

Model 1 B

Model 2

B 95% CI

Constant 39.87 37.551 [10.994, 64.108]

FTO −16.53** 3.63 [−31.023, 38.290]

Age -.739 -.963 [−2.115, 0.189]

Smoked during pregnancy 4.404 6.25 [−7.468, 18.456]

Physical activity (PA) mid-pregnancy .069* .102* [0.019, 0.185]

PA mid-pregnancy x FTO .214 [−0.216, 0.051]

R2 (adjusted) .244 .26

F 3.174* 2.936*

ΔR2 (adjusted) .02

ΔF 0.238

Note: n = 27. CI = confidence interval

*
p< .05;

**
p< .01
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