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Association of Nutrient Intake and Pregnancy Outcome with Gestational Weight Gain
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Department of Food & Nutrition, Hanyang University, Seoul 133-791, Korea

ABSTRACT

Gestational age and infant birth weight are influenced by gestational weight gain. This study was aimed to examine
the effects of gestational weight gain on pregnancy outcomes. Pregnant women were recruited at two hospitals in Seoul
area. Characteristics and dietary intakes of pregnant women were obtained using 24-hour recall questionnaires. Ges-
tational weight gain was categorized as less (Under-gain) than, within (Recommended gain), or greater (Over-gain)
than the Institute of Medicine guidelines. Maternal height and pre-pregnancy weight in the over-gain group signifi-
cantly higher than under-gain and recommended gain group. Mini dietary assessment score of eating bean has signifi-
cantly higher in under-gain group than recommended gain group and eating kimchi has significantly higher in under-
gain group than over-gain group. Score of eating fruit was significantly higher in over-gain group than other groups.
The mean intake of carbohydrate in the recommended gain group were significantly higher than under-gain group, and
mean intake of potassium in the over-gain group were significantly higher than under-gain group. Under-gain group
showed the high rate of the preterm delivery and low birth weight infant delivery. However recommended gain group
showed 46% reduced risk of preterm delivery (OR = 0.54 CI = 0.30—0.98). Risk of macrosomia increased with in-
creasing gestational weight gain (p for trend < 0.05) . In conclusion, pregnancy outcomes were influenced by gestational
weight gain. Therefore, these finding suggested adequate gestational weight gain according to BMI for reducing the risk
of preterm delivery, low birth weight and macrosomia. (Korean J Nutr 2010; 43(2): 141~151)
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Table 1. Gestational weight gain guidelines by Institute of medi-
cine

Category BMI (kg/m*)  Total weight gain (kg)
Underweight <18.5 12.5—-18.0
Normal 18.5—24.9 11.5-16.0
Overweight 25.0-29.9 7.0-11.5
Obese >30.0 5.0-9.0

Gestational weight gain was categorized as less (Under-gain)
than, within (Recommended gain), or greater (Over-gain) than
the Institute of Medicine guidelines according to pre-preg-
nancy BMI (IOM, 2009) 4
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Table 2. General and obstetrical characteristics of maternals by gestational weight gain category N (%)
- Gestational weight gain
Variables p-value
Under-gain (n = 191) Recommended gain (n = 214)  Over-gain (n = 145)
Gestational period at baseline (wk) 268 = 4.1" 270+ 49 263+ 42 0.393”
Age (years) 322 £ 42 322+ 38 31.9 £ 40 0.669
Educational year
<12 40 (23.5) 30 (16.0) 37 (28.5) 0.026”
>12 130 (76.5) 157 (84.0) 93 (71.5)
Income level (10,000 won/mo)
=200 27 (16.0) 26 (14.1) 27 (21.1) 0.249
>200 142 (84.0) 159 (85.9) 101 (78.9)
Employed status
Yes 64 (38.1) 66 (36.1) 44 (34.4) 0.801
No 104 (61.9) 117 (63.9) 84 (65.6)
Number of family members (person) 2.9 £1.1 2.7 +1.0 2.7 +0.9 0.051
Pregnancy frequencies 23+1.2 21+1.2 22+1.2 0.266
Morning sickness
Yes 73 (48.3) 64 (38.8) 57 (49.1) 0.131
No 78 (51.7) 101 (61.2) 59 (50.9)

Gestational weight gain categories according to the IOM guidelines: see table 1
1) Mean * SD, 2) p-value by ANOVA, 3) p-value by chi-square test
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Table 3. Anthropometric characteristics of the maternals by gestational weight gain category

Gestational weight gain

Variables p-value
Under-gain (n = 191) Recommended gain (n = 214) Over-gain (n = 145)
Height (cm) 160.6 + 4.7°"% 161.3 + 4.6° 162.6 + 4.4° <0.001”
Pre-pregnancy weight (kg) 543 + 7.4° 54.1 + 8.6° 573 +9.1° 0.001
Pre-pregnancy BMI (kg/m? 21.1 +2.8% 20.8 + 3.2° 21.7 +3.5° 0.030
Full term body weight (kg) 62.7 £ 6.7° 67.7 £ 7.6° 76.0 £ 8.0° <0.001
Gestational weight gain categories according to the IOM guidelines: see table 1
1) Mean = SD
2) Values with different superscripts within the same row are significantly different at p <0.05 by Tukey test
3) p-value by ANOVA
Table 4. Smoking status, alcohol and coffee drinking, stress status of the maternals by gestational weight gain category N (%)
. Gestational weight gain
Variables p-value
Under-gain (n = 191) Recommended gain (n = 214)  Over-gain (n = 145)
Smoking
Non-smoker 164 (96.5) 163 (87.2) 104 (83.9) 0.001"
Ex-smoker 6 (3.5 24 (12.8) 20 (16.1)
Current-smoker 0 ( 0.0) 0 ( 0.0) 0 ( 0.0
Alcohol drinking
Non-drinker 95 (56.2) 117 (62.6) 85 (67.5) 0.234
Ex-drinker 73 (43.2) 70 (37.4) 41 (32.5)
Current-drinker 0 ( 0.0 1(0.4) 0 ( 0.0
Frequency of coffee drinking
No 68 (40.5) 76 (40.6) 49 (37.7) 0.116
1-2/wk 54 (32.1) 56 (29.9) 30 (23.1)
3—4/wk 25 (14.9) 41 (21.9) 32 (24.6)
> 5/wk 21 (12.5) 14 (7.5 19 (14.6)
Stress”
Low 130 (76.0) 155 (83.8) 105 (80.2) 0.187
High 41 (24.0) 30 (16.2) 26 (19.8)

Gestational weight gain categories according to the IOM guidelines: see table 1

1) p-value by chi-square test, 2) low <12, high = 12
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Table 5. Weight reduction attempt, physical activity and exercise status of the maternals by gestational weight gain category N (%)

Gestational weight gain

Variables p-value”
Under-gain (n = 191) Recommended gain (n = 214) Over-gain (n = 145)

Pre-pregnancy weight reduction attempt

Yes 27 (18.2) 36 (22.1) 35 (30.4) 0.062

No 121 (81.8) 127 (77.9) 80 (69.6)
Weight reduction attempt during pregnancy

Yes 4(27) 8 (4.9 3(26) 0.487

No 142 (97.3) 155 (95.1) 111 (97.4)
Physical activity

Light 102 (68.9) 110 (68.3) 77 (67.0) 0.997

Moderate 41 (27.7) 45 (28.0) 34 (29.6)

Heavy 5(3.4) 6 (37) 4 (3.5
Regular Exercise

Yes 25 (16.9) 30 (18.6) 33 (28.7) 0.045

No 123 (83.1) 131 (81.4) 82 (71.3)
Gestational weight gain categories according to the IOM guidelines: see table 1
1) p-value by chi-square test
Table 6. Mini dietary assessment scores of the maternals by gestational weight gain category

Gestational weight gain
Mini dietary assessment index Under-gain Recommended Over-gain p-value
(n=191) gain (n = 214) (n = 145)

Drink milk or eat dairy products once or more a day 1.9 +0.8" 1.8+0.8 1.7 +0.8 0.084”
Eat meat, fish, egg more than twice a day 2.6 0.6 2.6+ 0.6 25+ 0.6 0.276
Eat bean, tofu, bean-curd dregs every day 2.7 +1.6% 2.4 +0.7° 2.4 +0.6° 0.016
Eat kimchi more than two meals a day 1.9 +£0.7° 19 +08° 1.7 £0.7° 0.046
Eat green leafy vegetables more than two meals a day 2.510.46 23+0.7 2.4+ 0.7 0.150
Eat green-yellow vegetables more than two meals a day 2.7 +0.46 2.6 +0.6 2.6 0.6 0.397
Eat fruit or drink a glass of 100% fruit juice everyday 1.6 £ 0.6° 1.4 = 0.6° 1.6 +0.7° 0.035
Eat much for fried food, broiled food and salad dressing 2.7 +0.5 2.7 0.5 2.7 +0.5 0.913
Eat much for the fatty meat 2.7 £0.5 2.7 0.5 2.7 +0.5 0.525
Add table salt or soy sauce to food when dining out 29 +03 29 +0.2 29 +03 0.769
Take three meals a day regularly 2.1 +0.7 21 +0.8 20+0.7 0.203
Have ice-cream, cake, snack, soft drink 2.7 0.5 2.6 0.5 2.6 0.6 0.404
Eat a balanced diet with a variety of foods 20+ 0.6 20+0.7 20+ 0.6 0.341

Gestational weight gain categories according to the IOM guidelines: see table 1

1) Mean + SD, 2) p-value by ANOVA

3) Values with different superscripts within the same row are significantly different at p < 0.05 by Tukey test
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Table 7. Nutrient intake of the maternals by gestational weight gain category

Gestational weight gain

Nutrients p-value
Under-gain (n = 130) Recommended gain (n = 145) Over-gain (n = 100)

Energy (kcal) 1833 + 395" 1906 + 438 1838 + 445 0.2927
Protein (g) 753 £ 21.6 77.8 £ 218 74.5 £ 20.7 0.454
Fat (@) 55.6 + 20.6 52.6 = 19.8 52.0 = 21.1 0.343
Carbohydrate (g) 264.9 + 60.37 287.4 + 75.8° 271.8 +70.1%° 0.023
Dietary fiber (g) 214+ 6.9 228 +7.3 221 +7.4 0.313
Vitamin A (x«gRE) 981.2 = 653.0 914.1 £ 691.7 867.1 = 414.4 0.366
Vitamin E (mg) 16.9 £ 8.5 16577 162 7.5 0.829
Vitamin C (mg) 120.8 = 82.0 130.0 + 84.8 137.5 £ 80.5 0.310
Niacin (mg) 16.3 58 17.3 £ 6.9 16.7 = 6.0 0.417
Vitamin B, (mg) 1.4+ 0.5 1.3 0.5 1.3 0.6 0.803
Vitamin B, (mg) 1.5+£14 1.3 £0.5 1.3+ 0.5 0.426
Vitamin Bs (mg) 22+08 23+0.7 23+0.9 0.437
Folic acid (xg) 273.1 £ 113.0 297.6 £129.4 311.1 £120.7 0.054
Calcium (mg) 637.2 £ 274.4 674.5 £ 291.2 643.4 + 284.3 0.509
Phosphorous (mg) 1124 £ 321 1169 £+ 338 1118 £ 378 0.417
Sodium (mg) 4386 + 1640 4534 + 1568 4576 + 1666 0.631
Potassium (mg) 2881 £ 910° 3144 + 1076™ 3193 + 1054° 0.036
Iron (mg) 149 £ 7.1 15.1 £53 142 £ 57 0.508
Zinc (mg) 9.4+ 40 93+28 95+t7.6 0.929
Cholesterol (mg) 348.7 + 202.6 324.1 £ 196.5 325.9 £ 211.8 0.556
Gestational weight gain categories according to the IOM guidelines: see table 1
1) Mean = SD, 2) p-value by ANOVA
3) Values with different superscripts within the same row are significantly different at p <0.05 by Tukey test
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Table 8. Assessment of nutrient intake of the maternals by pre-pregnancy BMI category using dietary reference intakes for Koreans
(KDRIs)

Nutrients Under-gain (n = 130) Recommended gain (n = 145) Over-gain (n = 100)

EER" <75 75—125 >125 <75 75—125 >125 <75 75—125 >125

Energy (%) 44.6 55.4 0 38.6 60.0 1.4 41.0 59.0 0

AMDRY 95 5770 270 <55 %5770 270 <% 55770 270 .

Carbohydrate 792 200 08 &6 241 83 700 20 40

AMDR? <15 15-25 >25 <15 15-25 >25 <15 15-25 >25

Fat 16.9 54.6 28.5 20.7 54.5 24.8 30.0 40.0 30.0

AR EARUL SUL <EAR  EARUL SuL <EAR  EARUL SuL

Protein 15.4 84.6 - 10.3 89.7 - 17.0 83.0 -

Vitamin A 14.6 83.9 1.5 23.4 75.2 1.4 15.0 85

Vitamin C 40.0 60.0 0 30.3 69.7 0 31.0 69.0

Niacin 36.2 63.8 0 33.8 66.2 0 33.0 67.0

Vitamin B, 47.7 52.3 - 55.9 44.1 - 54.0 46.0 -

Vitamin B 51.5 48.5 - 54.5 45.5 - 54.0 46.0 -

Vitamin B¢ 37.7 62.3 0 31.0 69.0 0 36.0 64.0 0

Folic acid 96.9 3.1 0 94.5 5.5 0 94.0 6.0 0

Calcium 75.4 24.6 0 71.7 28.3 0 78.0 22.0 0

Phosphorous 4.6 95.4 0 2.1 97.9 0 7.0 93.0 0

Iron 83.8 15.4 0.8 79.3 20.7 0 87.0 12.0 1.0

Zinc 47.7 51.5 0.8 46.9 53.1 0 51.0 48.0 1.0

<AP > Al <Al > Al <A > Al -

Dietary fiber 86.1 13.9 82.8 17.2 80.0 20.0

Vitamin E 16.9 83.1 19.3 80.7 26.3 73.7

Sodium 0 100.0 0 100.0 0 100.0

Potassium 0 100.0 0 100.0 0 100.0

Gestational weight gain categories according to the IOM guidelines: see table 1

1) EER: Estimated Energy Requirements, 2) AMDR: Acceptable Macronutrient Distribution Ranges

3) EAR: Estimated Average Requirement, 4) UL: Upper Intake Level, 5) Al: Adequate Intake

Table 9. Pregnancy outcomes of the maternals and neonates by gestational weight gain category N (%)

Gestational weight gain
Variables Under-gain Recommended gain Over-gain p-value
(n=191) (n=214) (n = 145)

Maternals weight gain during pregnancy (kg) 8.45 + 2.69°"? 13.53 + 2.02° 18.62 + 4.15° <0.001”

Gestational age (weeks) 37.41 £ 3.63° 38.32 + 2.36° 38.51 + 2.80° 0.001
<37 49 (26.5) 37 (17.9) 29 (20.1) 0.105"
> 37 136 (73.5) 170 (82.1) 115 (79.9)

Neonates weight (kg) 2.90 + 0.68° 3.09 + 0.60° 3.15 + 0.63° 0.001
<2.5 36 (19.8) 30 (14.6) 21 (14.7) 0.004
2.5-3.99 142 (78.0) 174 (84.5) 111 (77.6)
>4 4 (22 2 (1.0 1 C7.7)

Length (cm) 48.09 + 4.33° 49.21 + 3.42° 49.05 + 4.20% 0 .014

Gestational weight gain categories according to the IOM guidelines: see table 1
1) Mean =+ SD, 2) Values with different superscripts within the same row are significantly different at p <0.05 by Tukey test
3) p-value by ANOVA, 4) p-value by chi-square test



N

148 / 44l & AsS7ket daH 2 dalda

Table 10. Odds ratio (OR) and 95% confidence interval (Cl) of preterm delivery, low birth weight (LBW) and macrosomia according

to gestational weight gain category

IOM Gestational weight gain guidelines

Variables p for trend”
Under-gain Recommended gain Over-gain

Preterm delivery (<37 weeks)

No. of case/control 49/136 37/170 29/115

OR (95% CD? 1 0.54 (0.30—0.98) 0.67 (0.35—1.27) 0.133
LBW (<2.5kg)

No. of case/control 36/142 30/174 21/111

OR (95% CD¥ 1 0.73 (0.39—1.38) 0.75 (0.36—1.54) 0.361
Macrosomia (> 4 kg)

No. of case/control 4/142 2/174 1/111

OR (95% CI? 1 0.21 (0.02-1.96) 3.06 (0.88—10.63) 0.047

Gestational weight gain cutoff was categorized as less (Under-gain) than, within (Recommended gain), or greater (Over-gain) than
the Institute of Medicine guidelines according to pre-pregnancy BMI (Table 1)

1) p-value test for trend

2) Odds ratio and 95% confidence intervals were analyzed by logistic regression. Odds ratio (OR) was adjusted for maternal height,

income
3) Models adjusted for maternal height, income, education
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