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Objective: Fresh fruit intake has been found to be associated with risk of gestational diabetes mellitus (GDM);
however, the evidence is limited and the findings are inconsistent. We aimed to assess the association of
fresh fruit intake by fruit subgroups based on their glycemic index (GI) and glycemic load (GL) values and
GDM incidence in Chinese pregnant women.

Methods: We included 3300 eligible women from the Tongji Maternal and Child Health Cohort. Dietary
intakes were assessed by using a validated semiquantitative food frequency questionnaire. GDM was diag-
nosed based on the results of a 75-g, 2-h oral glucose tolerance test. In the adjusted logistic regression model,
odds ratios and 95% confidence intervals for GDM were computed for the highest compared with lowest
quintiles of fruit intake.

Results: GDM occurred in 378 (11.5%) of 3300 pregnant women. The average fresh fruit consumption was
381.7 g/d. The adjusted odds ratios (95% confidence intervals) for GDM from the lowest to highest quintile of
whole fruit consumption were 1.00 (referent), 0.80 (0.56, 1.12), 0.74 (0.52, 1.05), 0.63 (0.44, 0.92), and 0.41
(0.27, 0.62), respectively; Piena < 0.001. Higher overall midpregnancy fresh fruit consumption was associ-
ated with lower plasma 1-h OGTT glucose and 2-h OGTT glucose levels (all P < 0.05). In addition, the strati-
fied analysis results indicated that greater consumption of low and high GI fruits and low GL fruits were both
associated with a lower risk of GDM but not high GL fruits.

Conclusions: Our findings suggested an inverse association of fresh fruit intake with the risk of GDM in Chi-
nese pregnant women. In women with GDM risk, low GI and GL fresh fruit consumption should be privileged
versus those with high GI and GL.
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Introduction

Gestational diabetes mellitus (GDM), defined as glucose intoler-
ance with onset or first recognition during pregnancy, is a common
pregnancy complication. In recent decades, its prevalence has
increased substantially in Chinese populations, and approximately
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10% of all pregnancies have been reported to be complicated by
GDM [1-3]. GDM is not only associated with adverse pregnancy
outcomes but also has long-term adverse health outcomes for both
mothers and their offspring [4—7].

Maternal diet is a potentially modifiable risk factor and plays an
important role in the development of GDM [8—11]. Fruit is rich in
fiber, antioxidants, and phytochemicals, which have beneficial
health effects [12]. Increasing fruit consumption has been recom-
mended for the primary prevention of many chronic diseases [12].
Although several studies have investigated the association
between fruit intake and diabetes [13-16], only a few have
addressed this association during pregnancy, and the evidence is
limited and the findings are inconsistent [17,18]. For instance, in a
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recent study, excessive consumption of fruit, especially fruit with
moderate or high glycemic index (GI) values, tropical fruit and cit-
rus fruit, was associated with a higher risk of GDM [17]. However,
the results from another study indicated that higher consumption
of whole fruits was not associated with an increased GDM risk
[18]. These findings suggested that individual fruits might not be
equally associated with risk of GDM because fruits have highly var-
iable contents of nutrients (fiber, antioxidants, sugars, etc.) and
phytochemicals that jointly may influence the risk. In addition, the
Gl values, which represent the quality of carbohydrate, or glycemic
load (GL) values, which represent the quality and quantity of carbo-
hydrate and their interaction, vary substantially for individual
fruits.

Therefore the primary objective of this study was to examine
the association between midpregnancy fruit intake and GDM inci-
dence. The secondary objective was to examine the associations of
fruit subgroups based on their GI and GL values with further GDM
risk.

Materials and methods
Study design

This study was conducted as part of the Tongji Maternal and Child Health
Cohort (TMCHC) study, an ongoing population-based prospective cohort, to investi-
gate the association between maternal diet and the health outcomes of mother and
offspring [19]. The TMCHC study was established in January 2013 and enrolled
healthy pregnant women at 8 to 16 wk gestation when they attended their first
antenatal visit at a maternity clinic in one of three public hospitals in Wuhan, China.
0Of 3792 women who completed the semiquantitative food frequency questionnaire
(FFQ) during midpregnancy, we excluded individuals with multiple pregnancies
(n=71). Women who developed GDM in a previous pregnancy or had a previous
diagnosis of diabetes (n=21) or whose FPG value in this early pregnancy were
>5.1 mmol/L (n =55) were excluded because they may have changed their diets and
lifestyles to prevent a recurrence of GDM [20]. In addition, women were excluded
from the current analyses if they didn't complete an oral glucose tolerance test
(OGTT; n=268) or reported unrealistic total energy intake (<600 or >3500 kcal/d;
n="77). Finally, a total of 3300 women were included in the analysis from September
2013 to May 2016 (Supplemental Fig 1). This study was approved by the ethics
review committee of Tongji Medical College, Huazhong University of Science and
Technology. All participants gave informed written consent on recruitment.

Dietary assessment

The participants reported their dietary intakes during the past 4 wk using a
semiquantitative FFQ and completed FFQ 2 wk before the diagnosis of GDM. In the
present study the semiquantitative FFQ was administrated at 23.7 & 2.2 wk gesta-
tion on average, and the diagnosis of GDM was conducted at 26.2 + 2.1 wk gesta-
tion on average. The semiquantitative FFQ was validated in a subsample of TMCHC
cohort participants, indicating that it is a reasonably reliable and valid tool for
assessing most food and nutrient intakes of pregnant women in urban areas of
central China [19]. The semiquantitative FFQ consisted of 61 categories of food
based on the food nutrient composition and eating habits of Chinese individuals,
covering more than 200 food items. For each item, trained interviewers conducted
face-to-face interviews, and the participants were asked to recall the frequency of
intake and portion size consumed during the past 4 wk. In addition, we asked
about 12 categories of fresh fruit, covering more than 40 fresh fruit items: citrus
fruits (orange, tangerine, grapefruit, etc.), pome fruits (apples, pears, etc.), berries
(strawberries, grapes, kiwi, etc.), bananas, fresh dates, peaches, mango, pineapple,
apricots, watermelon, cantaloupe, pawpaw, casaba, litchi chinensis, longan, and
sugarcane. Daily intakes of nutrient and energy were calculated based on the con-
tinuously updated China Food Composition Database [21], and each energy-yield-
ing macronutrient intake was expressed as the percentage of total energy intake
using the nutrient-density method [22].

GDM screening

The primary outcome was GDM. At 24 to 28 wk, participants were routinely
offered 75-g, 2-h OGTTs. All participants had overnight fasting of at least 8 h before
OGTT. Fasting plasma glucose and 1-h and 2-h postload plasma glucose levels were
measured by enzymatic assays using an automated biochemical analyzer. GDM
was diagnosed when any of the glucose values during the diagnostic OGTT met or
exceeded the criteria as recommended by the International Association of Diabetes

and Pregnancy Study Group: fasting plasma glucose > 5.1 mmol/L or 1-h plasma
glucose > 10.0 mmol/L or 2-h plasma glucose > 8.5 mmol/L [23].

Measurement of nondietary factors

Information on sociodemographic, clinical, and lifestyle characteristics was
obtained using a structured questionnaire at enrollment. This questionnaire
included maternal age, prepregnancy weight, physical activity, ethnicity, educa-
tional level, average personal income, nulliparous, smoking habits, alcohol con-
sumption habits, family history of diabetes, and family history of obesity. Maternal
age (in years) was treated as a continuous variable, except for the descriptive sta-
tistics, for which we divided age into four groups (<24, 25-29, 30-35, and >36).
Prepregnancy body mass index (BMI; kg/m?) was calculated from self-reported
pregnancy weight [24] and measured height. Gestational weight gain before GDM
diagnosis was calculated by subtracting pregnancy weight from weight measured
at OGTT test. Physical activity (metabolic equivalent unit h/wk) was calculated
using the duration per week of various forms of exercise in early pregnancy,
weighting each activity by its intensity level [25]. Ethnicity was divided into two
categories (Han Chinese, others). The educational level was recorded as the num-
ber of completed years of schooling and divided into four categories (<9, 1015,
and >16). Average personal income (per month, Chinese yuan) was divided into
five categories (<2999, 3000~4999, 5000~9999, >10000). The other covariates,
including nulliparous status, smoking habits, alcohol consumption habits, family
history of diabetes, and family history of obesity, were treated as dichotomized
variables (yes/no).

Statistical analysis

In multivariate models, total fruit, fruit subtypes (based on their GI and GL val-
ues), and the kind of fruit were modeled as quintiles of intake. Quintiles were
defined by the distribution of each food group at baseline. The odds ratios (ORs)
and 95% confidence intervals (Cls) of GDM for each quintile of fruit consumption
compared with the lowest quintile were estimated using logistic regression mod-
els. In addition, the ORs and 95% Cls of GDM associated with per 100-g increment
of fruit consumption were also calculated. To quantify a linear trend, we assigned
the median value for each category and treat the median values as continuous var-
iable in the logistic regression model. Moreover, to estimate the OR of incident
GDM for fruit exposure, we also took the recommended fruit consumption
(200~400 g/d), according to the current dietary guidelines for Chinese, as the ref-
erence group.

We further examined whether the associations of individual fruit consumption
with risk of GDM depended on the GI and GL values of fruits. In the present study
the GI values for individual fruits were based on the international GI database [26]
and Food Glycemic Index [27]. We calculated the GL values per 100 g for individual
fruits based on the GI values and the amount of carbohydrate in fruits from China
Food Composition Database [21]. We categorized individual fruits into two groups
based on their GI values: citrus fruits (orange, tangerine, grapefruit, etc.), pome
fruits (apples, pears, etc.), bananas, berries (strawberries, grapes, kiwi, etc.), fresh
dates, and peaches for low GI fruits (Gl < 55); mango, pineapple, apricots, water-
melon, cantaloupe, pawpaw, casaba, litchi chinensis, longan, and sugarcane for
high GI fruits (GI > 55). In terms of the categorization of fruits by the GL values per
100 g, low GL fruits (GL < 10) included citrus fruits (orange, tangerine, grapefruit,
etc.), pome fruits (apples, pears, etc.), berries (strawberries, grapes, kiwi, etc.),
mango, pineapple, apricots, watermelon, cantaloupe, pawpaw, casaba, and
peaches; and high GL fruits (GL > 10) included bananas, litchi chinensis, longan,
fresh dates, and sugarcane.

Multivariate linear regression models were estimated to assess the association
between fruit consumption and plasma glucose levels. In addition, the area under
the curve value of OGTT (AUCocrr) wWas calculated by the trapezoidal rule. In the
present study, all statistical analyses were performed using SPSS Version 21.0 (IBM
Corporation, Armonk, NY, USA). All data collected were double entered into the
EpiData software program [19]. Comparisons between groups were performed
using x tests for categorical variables, analysis of variance or t tests for continuous
variables with normal distribution, or non-parametric Mann-Whitney and Krus-
kal-Wallis tests for continuous variables with skewed distributions. Frequencies
and percentages were used to describe the distributions of categorical variables,
and the mean + SD was used to describe the distribution of continuous variables.
All tests of statistical significance were two-sided, and P < 0.05 was considered
statistically significant.

Results
Baseline characteristics of study participants
The characteristics of the participants, according to quintiles of

total whole fruit consumption, are presented in Table 1. GDM
occurred in 378 (11.5%) of 3300 pregnant women. Mean intake of
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Table 1
Baseline characteristics according to quintiles of total fruit intake among 3300 participants in Tongji Maternal and Child Health Cohort study*
Overall Q1 Q2 Q3 Q4 Q5 P
n=3,300 n=660 n=657 n=663 n =660 n=660

Age at enrollment (y) 28.20 +3.47 28.49 £+ 3.45 28.42 +3.48 28.14+3.39 28.10 +£3.51 27.92 +£3.51 0.033
pregnancy BMI (kg/m?) 20.73 +£2.70 21.09 + 2.84 20.64 + 2.60 20.73 £2.76 20.58 £ 2.52 20.60 £ 2.72 0.002
GWG before GDM diagnosis (kg) 7.23+3.84 7.22 +3.87 7.29 +£3.91 7.23 +£3.63 7.06 & 3.82 7.344+3.97 0.751
Physical activity (MET h/wk)' 28.4+215 29.3+21.7 27.6+21.8 29.2 +£23.0 27.2+£205 28.8 +20.5 0.589
Han Chinese 3216 (97.5%) 646 (97.9%) 633(96.3%) 641 (96.7%) 649 (98.3) 647 (98.0%) 0.082
Education level (years) 0.027
<9 97 (2.9%) 14 (2.1%) 27 (4.1%) 30 (4.5%) 11(1.7%) 15 (2.3%)
10to -15 1239 (37.5%) 231 (35.0%) 243 (37.0%) 242 (36.5%) 257 (38.9%) 286 (40.3%)
>16 1889 (57.2%) 403 (61.1%) 375 (57.1%) 372 (56.1%) 374 (56.7%) 365 (55.3%)
Missing 75 (2.3%) 12 (1.8%) 12 (1.8%) 19(2.9%) 18 (2.7%) 14 (2.1%)
Average personal income (CNY)' 0.331
<2999 228 (6.9%) 58 (8.8%) 38(5.8%) 46 (6.9%) 47 (7.1%) 39 (5.9%)
3000 to —4999 1032 (31.3%) 219(33.2%) 204 (31.1%) 202 (30.5%) 204 (30.9%) 203 (30.8%)
5000 to —9999 1368 (41.5%) 252 (38.2%) 284 (43.2%) 291 (43.9%) 282 (42.7%) 259 (39.2%)
>10000 604 (18.3%) 116 (17.6%) 120 (18.3%) 113 (17.0%) 114 (17.3%) 141 (21.4%)
Missing 68 (2.1%) 15 (2.3%) 11(1.7%) 11 (1.7%) 13 (2.0%) 18 (2.7%)
Nulliparous (yes) 2815 (85.3%) 542 (82.1%) 563 (85.7%) 581 (87.6%) 567 (85.9%) 562 (85.2%) 0.075
Family history of diabetes (yes) 271(8.2%) 64 (9.7%) 56 (8.5%) 56 (8.4%) 55 (8.4%) 40 (6.1%) 0.349
Family history of obesity (yes) 53 (1.6%) 10 (1.5%) 10 (1.5%) 9(1.4%) 11(1.7%) 13 (2.0%) 0911
Smoking habit (yes) 104 (3.2%) 27 (4.1%) 25 (3.8%) 16 (2.4%) 24 (3.6%) 12 (1.8%) 0.078
Drinking habit (yes) 48 (1.5%) 15 (2.3%) 6(0.9%) 12 (1.8%) 9(1.4%) 6(0.9%) 0.171
Dietary factors
Energy (kcal) 1958.0 + 471.9 1659.7 +399.8 1852.7 + 404.8 1973.7 £ 4283 2058.4 +422.1 2244.7 + 486.3 <0.001
Fruits (g) 381.74 + 208.42 116.04 £ 68.09 257.62 £ 31.14 359.06 + 30.30 476.29 £ 39.11 699.21 £ 113.74 <0.001
Vegetables (g) 333.08 £226.67 23248 £200.24  290.93+190.99  344.13 £206.56 37899 +£23332  418.65 +249.04 <0.001
Beans and bean products (g) 13.29 £ 17.32 9.99 +17.79 13.59 + 16.57 13.36 + 15.94 14.56 +17.23 14.97 + 18.57 <0.001
Whole grains (g) 26.07 +37.93 21.15+33.17 23.55 +33.84 25.49 +39.13 29.08 +39.29 31.07 + 42.60 <0.001
Rice and wheat products (g) 209.16 + 76.32 207.13 £ 78.25 204.53 + 70.16 214.55 + 76.17 208.14 + 77.27 21139 +£79.23 0.143
Red meat (g) 4447 +38.39 38.18 +37.65 45.78 + 38.60 43.85 + 35.97 45.81 +35.89 48.72 £42.73 <0.001
Poultry (g) 6.33 +12.68 4.09 +9.26 5.46 + 10.54 6.37 +12.80 7.42 +15.01 8.32 4+ 1441 <0.001
Fish (g) 36.27 +39.80 27.00 & 34.14 35.71 4+ 37.97 36.24 +37.24 39.10 £ 43.15 43.32 £43.95 <0.001
Eggs (g) 40.78 +24.23 37.62 + 24.67 39.98 + 22.61 40.93 +£23.51 43.15 + 26.20 4220 £23.71 <0.001
Dairy products (g) 192.09 + 150.77 181.57 £+ 156.59 177.18 + 138.02 191.44 +£142.94 196.53 £+ 152.02 213.65 + 160.82 <0.001
Nuts (g) 14.68 £17.29 10.60 + 14.38 14.84 £ 16.18 15.10 £ 17.76 16.06 £+ 17.03 16.81 £ 20.00 <0.001
Protein, En% 120+2.0 11.8+£22 122 +£20 121+£19 122+20 120+ 1.9 0.004
Carbohydrate, En% 56.2+74 53.8+8.7 545475 56.2 +6.7 57.1+63 59.2+6.3 <0.001
Total fat, En% 332467 354478 347469 331462 324458 30.6 +£ 5.6 <0.001
Saturated, En% 79+21 84+25 82420 7.8+20 77+19 73+18 <0.001
Monounsaturated, En% 103 +2.8 109 +3.3 10.8 +£2.9 102+ 2.6 10.0 £ 2.5 94+25 <0.001
Polyunsaturated, En% 122 +2.38 13.1+£3.1 12.8+£29 122 +£2.7 11.8+24 109 £2.5 <0.001
Total dietary fiber (g)’ 13.85 £4.49 10.36 £ 4.67 13.02 £ 3.68 14.12 £3.59 15.34 £3.91 1641 £3.98 <0.001
Dietary cholesterol (mg)’ 37038 +£160.30  385.07 & 186.72 379.95+159.20  368.33 &+ 153.62 37158 £158.26  347.01 +137.57 <0.001
Dietary vitamin A (mg)* 771.75 4+ 390.99 609.65 + 388.48 701.55 + 330.40 799.96 + 402.27 851.80 + 407.55 895.36 + 351.13 <0.001
Dietary vitamin E (mg)’ 48.12 £ 8.53 4921 +9.76 49.11 £ 8.97 4821 +7.64 47.81+£7.92 46.26 + 7.88 <0.001
Dietary vitamin C (mg)’ 157.83 £76.67 102.10 £ 72.00 134.81 £59.33 159.72 £ 63.13 180.65 £ 67.62 211.73 £ 71.31 <0.001
Fasting 443 4+ 0.39 444 4+ 0.41 4444 0.39 444+ 0.38 443 +0.39 440+ 0.38 0.588
1 h after OGTT 749 +1.48 7.61+1.53 7.57 +1.48 7.50 +1.47 739+ 1.45 7.38 + 1.46 0.038
2 h after OGTT 6.41 +1.17 6.52 +1.23 6.50 + 1.15 6.45 +1.20 6.27 £ 1.11 632+ 1.14 0.001
AUCogrr (mmol - L' - h™') 12.86 + 1.93 13.05 + 2.01 12.99 + 1.96 12.88 + 1.94 12.69 + 1.82 12.68 + 1.89 0.005
GDM (yes) 378 (11.5%) 99 (15.0%) 79 (12.0%) 79 (11.9%) 69 (10.5%) 52 (7.9%) 0.002

ANOVA, analysis of variance; AUCocrr, the area under the curve value of oral glucose tolerance test; BMI, body mass index; CNY, Chinese yuan; GDM, gestational diabetes mel-
litus; GI, glycemic index; GL, glycemic load; GWG, gestational weight gain; MET, metabolic equivalent units; OGTT, oral glucose tolerance test; Q, quintile.

*Data are expressed as mean =+ standard deviation or percentage. P values are from ANOVA for continuous data and from x tests for categorical data.

fMET h/wk was calculated using the duration per week of various forms of exercise, weighting each activity by its intensity level.

1 CNY ~ 0.16 US dollars.
SIndicates values are energy adjusted (2000 kcal).

total whole fruit consumption was 381.74 + 208.42 g/d. Women
with a higher intake of total consumption were more likely to be
younger, have a lower BMI, and be less educated. In addition,
women with more total fruit consumption consumed more vegeta-
bles, bean products, and whole grains; had higher intake of dietary
fiber, vitamin A, and vitamin C; and had higher proportion of
energy from carbohydrate, but lower proportion of energy from
total fat or protein. No significant differences were identified on
gestational weight gain before GDM diagnosis, physical activity,
ethnicity, average personal income, parity, family history of diabe-
tes, family history of obesity, smoking habit, or drinking habit
among the quintiles of total whole fruit consumption.

Association between fruit consumption and risk of GDM

Logistic regression models were constructed to assess the associa-
tion of fruit consumption and risk of GDM. ORs (95% ClIs) for total fruit
consumption associated with GDM are presented in Table 2. A nega-
tive association between total fruit consumption and the risk of GDM
was identified. The adjusted ORs (95% Cls) for GDM from the lowest
to highest quintile of total fruit consumption were 1 (Reference), 0.80
(0.56, 1.12), 0.74 (0.52, 1.05), 0.63 (0.44, 0.92), and 0.41 (0.27, 0.62),
respectively; Pyena < 0.001. Every 100 g of total fruit consumption
was associated with a 14% (95% Cl: 8%-20%) decrement in OR of GDM.
When compared with the recommended fruit consumption
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Table 2
ORs (95% Cls) for total fruit consumption associated with GDM*
Quintiles of total fruit consumption, g P trend Per 100 g increase P
Ql Q2 Q3 Q4 Q5
Participants (n) 660 657 663 660 660
GDM, n (%) 99 (15.0%) 79 (12.0%) 79 (11.9%) 69 (10.5%) 52 (7.9%) 378 (11.5%)
Fruit intake, (g) 135 (69, 176) 261 (230-285) 360 (332-384) 474 (443-508) 671 (604-773) 360 (230—508)
Model 1 1 (Reference)  0.78 (0.56-1.06)  0.77 (0.56—1.05)  0.66 (0.48—092)  0.49(0.34-0.69)  <0.001  0.89(0.84—0.93) <0.001
Model 2 1 (Reference) 0.75 (0.53-1.06) 0.74 (0.52—-1.04) 0.65 (0.46—-0.93) 0.37 (0.24-0.55) <0.001 0.88 (0.83-0.93) <0.001
Model 3 1 (Reference) 0.74(0.52-1.05) 0.72(0.51-1.03) 0.64 (0.44-0.92) 0.35(0.23-0.54) <0.001 0.86 (0.81-0.92) <0.001
Model 4 1 (Reference)  0.80(0.56-1.12)  0.74(0.52-1.05)  0.63(0.44-092)  041(027-0.62) <0001  0.86(0.80—0.92) <0.001
Group of total fruit consumption, g
<200 200~400 >400
Participants (n) 620 1272 1408
GDM, n (%) 93 (15.0%) 156 (12.3%) 129 (9.2%)
Fruit intake, (g) 126 (64—168) 300 (251-347) 538 (462—633)
Model 1 1.26 (0.96—1.67) 1 (Reference) 0.72 (0.56—0.92) <0.001
Model 2 1.29(0.96-1.74) 1 (Reference) 0.67 (0.51-0.87) <0.001
Model 3 1.30(0.95-1.76) 1 (Reference) 0.66 (0.50—0.88) <0.001
Model 4 1.27 (0.93-1.71) 1 (Reference) 0.68 (0.52—0.90) <0.001

BMI, body mass index; CI, confidence interval; GDM, gestational diabetes mellitus; GI, glycemic index; GL, glycemic load; OR, odds ratio; Q, quintiles.

Model 1 was crude model.

Model 2 was adjusted for maternal age, physical activity, ethnology, prepregnancy BMI, gestational weight gain before GDM diagnosis, maternal education, average personal
income, personal income, smoking, alcohol, parity, family history of diabetes, and family history of obesity.

Model 3 was adjusted for model 2 + total energy intake.

Model 4 was adjusted for model 3+ vegetables, whole grains, red meat, fish, eggs, and dairy products.
*Median (Pys, P;5) of intake for each fruit quintile. ORs and 95% Cls calculated by logistic regression. Group of total fruit consumption indicates taking the dietary guidelines for

Chinese as the reference group.

(200~400 g/d), our results indicated that fruit intake <200 g/d was
not associated with GDM incidence (adjusted OR: 1.27; 95% CI: 0.93-
1.71), whereas fruit intake >400 g/d was associated with a 32% lower
GDM incidence (adjusted OR: 0.68; 95% CI: 0.52-0.90).

ORs (95% Cls) for fruit consumption associated with GDM
according to different GI and GL values of fruit are presented in
Table 3. The results indicated that greater fruit consumption of
either low GI values (GI < 55) or high GI values (GI > 55) was asso-
ciated with a lower risk of GDM. The similar association was noted
in the secondary analysis examining the associations between fruit
consumption and risk of GDM by low GL values (GL < 10) of fruits
but not high GL values (GI > 10).

In addition, we performed similar analyses for different sub-
types of fruit consumption, including citrus, pome, berry, gourd,
drupe and tropical fruit, and an inverse association with the risk of
GDM was found in pome, gourd, and tropical fruit, respectively
(Supplemental Table 2).

Association between fruit consumption and plasma glucose levels

Multivariate linear regression models were constructed to
assess the association of fruit consumption with plasma glucose
levels in Table 4. The adjusted results indicated that per 100 g
increase in total fruit consumption, the 1-h and 2-h plasma glucose
reading decreased by 0.050 mmol/L (95% CI: —0.081 to —0.019)
and 0.035 mmol/L (95% CI: —0.059 to —0.012), respectively. Similar
results were found in the fruit group of GI < 55 and the fruit group
of GL < 10. In addition, for the fruit group of GI > 55, per 100-g
increase in fruit consumption, the fasting plasma glucose reading
decreased by 0.016 mmol/L (95% CI: —0.029 to —0.003); for the
fruit group of GL > 10, per 100-g increase in fruit consumption, the
fasting plasma glucose reading increased by 0.030 mmol/L (95% CI:
0.008-0.053), whereas the 1-h and 2-h plasma glucose reading
decreased by 0.137 mmol/L (95% CI: —0.231 to —-0.044) and
0.091 mmol/L (95% CI: —0.162 to —0.021), respectively. Moreover,
we conducted the AUCogrr analysis to estimate the association

between fresh fruit consumption and plasma glucose, and the
results were similar to the postprandial glucose level.

Discussion

In this prospective cohort study, the findings indicated that
higher fresh fruit consumption was significantly associated with a
lower risk of GDM and lower plasma 1-h OGTT glucose and 2-h
OGTT glucose levels. The findings also indicated that women with
higher fresh fruit consumption had a better global diet quality;
however, the inverse association between fresh fruit consumption
and GDM was still strong after adjusting for the other food con-
sumption. Moreover, the stratified analysis suggested that greater
consumption of low and high GI fruits and low GL fruits were both
associated with a lower risk of GDM, but not high GL fruits.

Information on the association between fruit consumption and
GDM is limited. To our knowledge, only a few previous prospective
studies have specially assessed the association of fruit consumption
with risk of GDM, but these studies have shown inconsistent findings
[17,18]. For instance, the Nurses’ Health Study II, which was con-
ducted in US female nurses to examine pregnancy fruit consumption
and the risk of GDM, found that no significant association was identi-
fied between whole fruit consumption and GDM risk, but modest
consumption of fruit juice seemed to decrease the risk [18]. The vari-
ation in population, food availability, and dietary habits between this
study and ours may partly explain the inconsistent findings. Another
previous prospective study in China found that higher fruit consump-
tion in the second trimester was significantly associated with higher
risk of GDM (with 772 female participants in Guangdong Province,
China) [17]. However, the GDM incidence in that study (21.9%) was
much higher than incidence reported in Chinese pregnant women
(9.3%) [3] and in our study (11.5%). In addition, the median of the
highest (fourth) quartile for fruits consumption (710 g/d) in that
study was much higher than the fourth quintile in our study (474 g/
d) and exceeded our highest quintile (671 g/d). Moreover, in another
similar prospective study that was conducted in the same area of
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Table 3
ORs (95% Cls) for fruit consumption associated with GDM according to different GI and GL values*
Quintiles of fruit consumption P trend Per 100 g increase P
Q1 Q2 Q3 Q4 Q5
Group of Gl values
Gl <55
GDM, n (%) 87 (13.1%) 79 (12.0%) 88 (13.3%) 73 (11.1%) 51 (7.7%) 378 (11.5%)
Fruit intake, (g/d) 88 (22—126) 200 (182-224) 289 (268-311) 392 (360—420) 550 (500—632) 289 (182-420)
Model 1 1 (Reference) ~ 0.90(0.65-1.25)  1.02(0.74—1.40)  0.82(0.59-1.15)  0.55 (0.39—-0.80) 0.003  0.90(0.84-0.95) 0.001
Model 2 1 (Reference)  0.88(0.62-1.26) 1.10(0.78-1.56)  0.83(0.58-1.19)  0.46 (0.30—0.69) 0.004  0.89(0.83-0.95) 0.001
Model 3 1(Reference)  0.89(0.63—-127) 1.13(0.79-1.60)  0.85(0.58—1.23)  0.47 (0.30—0.73) 0.010  0.89(0.83-0.96) 0.002
Model 4 1 (Reference)  0.91(0.64-129) 1.10(0.78—-1.56)  0.79 (0.54—1.15)  0.48 (0.31-0.74) 0.001  0.87(0.81-0.94) <0.001
Gl > 55
GDM, n (%) 88 (13.4%) 73 (11.0%) 86 (12.9%) 75 (11.5%) 56 (8.5%) 378 (11.5%)
Fruit intake, (g/d) 0(0-0.1) 0.4(0.2-3.6) 21(14-30) 79 (57—100) 221 (166-321) 21(0.2—100)
Model 1 1 (Reference)  0.80(0.57-1.11)  0.96(0.70-1.32)  0.84(0.60-1.16)  0.60 (0.42—0.85) 0.017  0.87(0.78-0.97) 0.010
Model 2 1 (Reference)  0.79(0.56-1.13)  0.88(0.62-1.24)  0.72(0.50-1.04)  0.52(0.35-0.76) 0.007  0.84(0.75-0.95) 0.004
Model 3 1(Reference)  0.79(0.55-1.12)  0.89(0.63-1.26)  0.74(0.51-1.06)  0.54 (0.36—0.80) 0.012  0.85(0.75-0.95) 0.007
Model 4 1 (Reference)  0.76(0.53—1.08)  0.93(0.66—1.31)  0.74(0.52—1.06)  0.54 (0.36—0.80) 0.003  0.83(0.73-0.93) 0.002
Group of GL values
GL <10
GDM, n (%) 98 (14.8%) 75 (11.4%) 96 (14.5%) 60 (9.1%) 49 (7.4%) 378 (11.5%)
Fruit intake, (g/d) 107 (43-143) 217 (199-243) 305 (286-329) 405 (380—439) 593 (523-693) 306 (199-439)
Model 1 1(Reference)  0.74(0.54-1.02) 097(0.72—-1.32)  0.58(0.41-0.81) 0.46(0.32-0.66) <0.001  0.88 (0.83—0.93) <0.001
Model 2 1 (Reference)  0.78(0.55-1.10)  0.94(0.67-1.31)  0.56(0.39-0.82)  0.37(0.25-0.56)  <0.001  0.88 (0.83—0.92) <0.001
Model 3 1 (Reference)  0.77(0.55-1.10)  0.93(0.66—1.31)  0.56(0.38—0.82)  0.37(0.24-0.57)  <0.001  0.87 (0.82—0.93) <0.001
Model 4 1 (Reference)  0.78(0.55-1.10)  0.96 (0.68—1.35)  0.57 (0.39—0.83)  0.40(0.26-0.61)  <0.001  0.86(0.80—0.92) <0.001
GL>10
GDM, n (%) 90 (13.5%) 86 (13.2%) 69 (10.6%) 71(10.7%) 62 (9.4%) 378 (11.5%)
Fruit intake, (g/d) 0(0-0.1) 6(1-13) 31(24-39) 63 (53-74) 130 (111-171) 31(1-74)
Model 1 1(Reference)  0.98(0.71-1.34) 0.76(0.54-1.06)  0.77 (0.55-1.07)  0.67 (0.47—0.94) 0.006  0.85(0.71-1.02) 0.074
Model 2 1 (Reference)  0.81(0.57-1.15)  0.70(0.49-1.01)  0.71(0.50-1.02)  0.58 (0.40—0.85) 0.032  0.84(0.69-1.02) 0.070
Model 3 1 (Reference) 0.81(0.57-1.15) 0.71(0.49-1.03) 0.73 (0.50-1.05) 0.60(0.41-0.89) 0.064 0.85(0.69-1.04) 0.115
Model 4 1 (Reference) 0.92 (0.66—1.30) 0.76 (0.53-1.09) 0.84 (0.59-1.21) 0.68 (0.46—1.00) 0.063 0.88 (0.72—1.08) 0.211

BMI, body mass index; CI, confidence interval; GDM, gestational diabetes mellitus; GI, glycemic index; GL, glycemic load; OR, odds ratio; Q, quintiles.

Model 1 was crude model.

Model 2 was adjusted for maternal age, physical activity, ethnology, pregnancy BMI, gestational weight gain before GDM diagnosis, maternal education, average personal

income, smoking, alcohol, parity, family history of diabetes, and family history of obesity.
Model 3 was adjusted for model 2 + total energy intake.

Model 4 was adjusted for model 3+ vegetables, whole grains, red meat, fish, eggs, dairy products, and the consumption of fruit with other GI and GL values.

*Median (P,s, P75) of intake for each fruit quintile. ORs and 95% Cls calculated by logistic regression.

Table 4
Associations between fruit consumption and plasma glucose levels (n =3300)*
Fasting plasma glucose P 1-h plasma glucose P 2-h plasma glucose P AUCocrr B
B (95% CI) B (95% CI) B (95% CI) B (95% CI)

Total fruit, 100 g/d

Crude model —0.006 (—0.013 to 0.001) 0.090 —0.050 (—0.077 to —0.022) <0.001 —0.045(—0.066 to —0.024) <0.001 —0.075(-0.111to —0.039) <0.001
Adjusted model —0.002 (—0.010 to 0.005) 0.543 —0.050(—0.081 to —0.019) 0.002 —0.035(-0.059 to —0.012) 0.004 —0.072(-0.111 to —0.032) <0.001
Group of Gl values,

100 g/d

Gl <55

Crude model 0.002 (—0.006 to 0.010) 0.631 —0.063 (—0.095 to —0.032) <0.001 —0.055(—0.079 to —0.031) <0.001 —0.088 (—0.129 to —0.046) <0.001
Adjusted model 0.003 (—0.006 to 0.011) 0.560 —0.062 (—0.097 to —0.028) <0.001 —0.049(—0.075 to —0.022) <0.001 —0.083 (—0.127 to —0.039) <0.001
Gl >55

Crude model —0.025 (—0.038 to —0.012) <0.001 —0.007 (—0.058 to 0.044) 0.792 —0.012 (—0.050 to 0.026) 0.546 —0.029 (—0.095 to 0.038) 0.397
Adjusted model —0.016 (—0.029 to —0.003) 0.019 -0.014 (—0.067 to 0.040) 0.612 0.001 (—0.040 to 0.041) 0.972 —0.038 (—0.107 to 0.030) 0.274
Group of GL values,

100 g/d

GL< 10

Crude model —0.009 (—0.017 to —0.001)  0.021 -0.038 (—0.069 to —0.008) 0.012 -0.038 (—0.061 to —0.015) 0.001 —0.060(—0.100 to —0.021)  0.003
Adjusted model —0.007 (—0.015 to 0.002) 0.115 -0.039 (-0.072 to —0.007) 0.018 —0.028 (—0.053 to —0.003) 0.028 —0.059 (-0.101 to —0.017) 0.006
GL>10

Crude model 0.014 (—0.007 to 0.036) 0.194 -0.183 (—0.271 to —0.095) <0.001 —0.134(—0.200 to —0.068) <0.001 —0.252(—0.367 to —0.138) <0.001
Adjusted model 0.030 (0.008—0.053) 0.009 -0.137(-0.231 to —0.044) 0.004 —0.091(-0.162 to —0.021) 0.011 -0.177 (—0.297 to —0.057)  0.004

AUCocr, the area under the curve value of oral glucose tolerance test; BMI, body mass index; CI
GL, glycemic load.

, confidence interval; GDM, gestational diabetes mellitus; GI, glycemic index;

*Values are linear regression coefficients (95% Cls). Adjusted model was adjusted for maternal age, physical activity, ethnology, prepregnancy BMI, gestational weight gain
before GDM diagnosis, maternal education, average personal income, smoking, alcohol, parity, family history of diabetes, family history of obesity, vegetables, whole grains,
red meat, fish, eggs, dairy products, and total energy intake, and the consumption of fruit with other GI and GL values for the group of GI and GL values.
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China (Guangdong Province), a dietary pattern mainly consisting of
vegetable and fruit was found to reduce the risk of GDM (with 3,063
cases) [28], which was consistent with our study. In addition, the
stronger inverse association between fruit consumption and GDM
risk we reported is largely consistent with previous findings, indicat-
ing that higher fresh fruit consumption was associated with signifi-
cantly lower risk of type 2 diabetes [13,29].

Both dietary GI and GL were used to characterize the capability
of food to induce postprandial glycemia [30-32]. In our study,
greater consumption of low and high GI fruits and low GL fruits
were both associated with a lower risk of GDM but not high GL
fruits. Interestingly, both the low and high GI values of fruits
seemed to be the protective factor in their association with GDM in
the present study, although in a clinical trial, glycemic control
among people with type 2 diabetes was improved only with
increased consumption of low GI fruits [33]. Moreover, similar to
our findings, one previous study also found both higher and lower
GI fruits to be associated with lower risk of type 2 diabetes [12]. In
addition, our findings indicated that only high GL fruit was not
associated with a lower risk of GDM and only high GL fruit was
associated with higher plasma fasting glucose (0.05), suggesting
that high GL fruit may be not a protective factor for GDM. One pre-
vious study found that dietary GL was a stronger predictor of GDM
risk than GI or the amount of carbohydrate alone, which may sug-
gest the importance of both the quality and quantity of carbohy-
drate in determining how a pregnant woman's blood glucose or
the GDM risk is affected by carbohydrate-enriched food [34]. More-
over, our findings indicated that the high GL fruits contained a
lower dietary fiber content, which may also explain the association
found between the high GL fruit and GDM risk in the present study.
Further studies are needed to evaluate whether women with GDM
risk should limit their fruit consumption of high GI and GL values
to a specific amount.

The exact mechanisms through which fresh fruit consumption
may be protective against the development and deterioration of
GDM are not very well understood, and several biological mecha-
nisms might explain the inverse association between fruit intake
and risk of GDM. Fruits are rich in polyphenols, such as flavonoids,
and other antioxidant compounds, including carotenoids and vita-
mins C and E [29,35]. These compounds may decrease risk of GDM
by mitigating the oxidative stress that interferes with the glucose
uptake by cells. For example, vitamin C may enhance the antioxidant
capacity in the body by adjustment of other antioxidants such as
direct bilirubin, and our previous study indicated that lower risk of
GDM was associated with higher direct bilirubin levels [36], and this
may partially be attributed to higher intake of vitamin C. In the pres-
ent study the findings indicated that high intake of pome fruits
(which provide a low GI source of carbohydrate), gourd fruits (which
provide a high GI source of carbohydrate), or tropical fruits (which
provide a high GI source of carbohydrate) was associated with a low
risk of GDM, which may also confirm the potentially protective
effects of these compounds in fruits on GDM risk. In addition, fruits
are low in energy but high in fiber, which would promote the feeling
of fullness and prevent overconsumption of energy-dense foods
[34]. Dietary fiber has also been related to improved insulin sensitiv-
ity [34] and one recent study found that dietary fiber can alleviate
type 2 diabetes by selectively promoting gut bacteria [37]. Fruit con-
tains sugars (i.e., glucose and fructose), which may have negative
affects on glycaemic control. However, the natural sugars in fruit
may not be metabolized in the same way as refined sugars because
other beneficial nutrients such as dietary fiber or phytochemicals
may interact with the natural sugars in glycemic response [29,38].
The negative correlation between fruit intake and blood glucose lev-
els in our study also confirms this point. However, we also noted the

positive correlation between high GL fruit and plasma fasting glu-
cose in our study, suggesting that excessive sugar contained in the
fruits may affect blood glucose levels.

The strengths of our study include the uniform criteria for diag-
nosis of GDM and the availability of abundant information on cova-
riates, which allowed us to diminish potential confounders as
much as possible. For example, our dietary data came from the pro-
spective assessment of the pregnancy diet, which means that
women completed a semiquantitative FFQ before their OGTT; thus
a diagnosis of GDM could not affect dietary reporting. Second,
information on fruit types was collected and the semiquantitative
FFQ used in our study has been validated in a TMCHC subsample
[19]. In addition, to the best of our knowledge, it is the first pro-
spective study to specifically investigate not only the association
between fruit consumption during pregnancy and the risk of GDM
but also the association between fruit with different GI and GL val-
ues and GDM occurrence. The results may provide a more compre-
hensive reference for dietary guidelines.

However, there are several limitations of this study. First,
information on fresh fruit consumption was only obtained by the
semiquantitative FFQ during pregnancy. If possible, dietary ques-
tionnaires should be conducted before and during early preg-
nancy so that the link between fruit intake and the risk of GDM
can be explicated more clearly. However, previous data suggest
that dietary habits do not vary significantly between periods
before conception and periods of pregnancy, and food intake
information obtained at one point during pregnancy can provide
reliable information of dietary throughout pregnancy [39]. Sec-
ond, our fruit classification is not detailed enough, although infor-
mation on fruit types was collected. Finally, despite careful
consideration of the known risk factors and potential confounding
factors, residual confounding cannot be ruled out.

Conclusions

Our findings suggested an inverse association of fruit intake
with the risk of GDM in Chinese pregnant women. In women with
GDM risk, low GI and GL fresh fruit consumption should be privi-
leged versus those with high GI and GL. These findings of our study
provide important clues for dietary guidance during pregnancy to
prevent GDM.
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