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Introduction: Self-monitoring of blood glucose levels and changes in diet and lifestyle play important roles in the management of 
gestational diabetes mellitus (GDM).
Methods: This cross-sectional study enrolled patients with GDM at Hangzhou Women’s Hospital, China, between September 1, 2022, 
and October 26, 2022. A questionnaire was designed that included the following dimensions: demographic/clinical information, 
knowledge, attitude and practice. Correlations between knowledge, attitude and practice scores were evaluated using Spearman 
correlation analysis. Factors associated with practice score ≥14/16 were identified using multivariate logistic regression.
Results: The analysis included 499 women with GDM and a mean age of 31.22±3.89 years. The average knowledge, attitude and 
practice score were 11.55±3.04, 34.23±4.06 and 10.7±2.87 points, respectively. Knowledge score was positively correlated with 
attitude score (r=0.318, P<0.001) and practice score (r=0.351, P<0.001); attitude and practice scores were also positively correlated 
(r=0.209, P<0.001). Multivariate analysis identified higher knowledge score (odds ratio [OR], 1.138; 95% confidence interval [95% 
CI], 1.042–1.244; P=0.004) and higher attitude score (OR, 1.137; 95% CI, 1.060–1.219; P<0.001) as independently associated with 
good practice (ie, practice score ≥14 points).
Conclusion: The results provide important insights into the knowledge, attitudes and practices of women with GDM in China 
regarding GDM and its management. These findings may facilitate the development and implementation of education and training 
programs to improve the self-management of GDM by women in China.
Keywords: diabetes mellitus, gestational, blood glucose self-monitoring, health-related behavior, diet modification, surveys and 
questionnaires

Introduction
Abnormal glucose tolerance that has an onset or is first recognized during pregnancy is known as gestational diabetes 
mellitus (GDM).1 Although the precise diagnostic definition of GDM varies somewhat between different organizations 
and countries, GDM is usually recognized at 24–28 weeks of gestation as an elevated blood glucose level and/or an 
abnormal result in an oral glucose tolerance test (OGTT).1 The standardized prevalence of GDM is 14% worldwide and 
varies between geographic regions from 7.1% in North America to 27.6% in the Middle East and North Africa,2 while 
the pooled prevalence in 24 European countries was 10.9%.3 The pooled prevalence of GDM in mainland China was 
reported to be 14.8% but was as high as 26.7% in older pregnant women.4 Furthermore, GDM prevalence varied between 
different regions of China, with the highest prevalence of 24.2% in Tongzhou, Beijing.5 Risk factors for GDM include 
advanced maternal age, overweight/obesity, family history of type 2 diabetes mellitus (T2DM) and a previous (first) 
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pregnancy without GDM that was complicated by hypertensive disorders, perinatal mortality, maternal obesity or fetal 
macrosomia.4,6,7 GDM is associated with adverse outcomes such as increased risks of maternal pre-eclampsia/eclampsia, 
maternal cardiovascular disease, maternal T2DM, fetal macrosomia, preterm delivery, caesarian section, birth trauma, 
infant born large for gestational age, infant respiratory distress syndrome, cardiac malformations in neonate, and 
admission of neonate to intensive care unit.6,8,9 GDM is also associated with an elevated long-term risk of obesity, 
T2DM and cardiovascular disease in children.6 Thus, it is important that GDM is diagnosed and treated in a timely 
manner.

The management of GDM requires a multidisciplinary approach and includes both non-pharmacologic and pharma
cologic interventions.10 The majority of patients with GDM can be managed with daily self-monitoring of fasting and 
postprandial blood glucose levels, dietary modifications and monitoring of nutrition, exercise and physical activity, 
maternal weight gain management, and other lifestyle modifications,11 and programs to facilitate the implementation of 
these interventions have been set up in China.12,13 In addition, up to 30% of patients with GDM require pharmacotherapy 
with insulin or oral hypoglycemic agents such as metformin or glibenclamide.11 The above management strategies place 
a great deal of responsibility on the patient since they require self-monitoring of blood glucose (SMBG), dietary and 
lifestyle modifications to limit weight gain, and in some cases the self-administration of drugs such as subcutaneous 
injection of insulin. Adherence to the recommended management strategy is essential for the maximum benefits to be 
obtained. Despite the abundance of published studies discussing self-efficacy in women with GDM, the number of 
implemented measures that could significantly improve self-management practice is still limited.14,15 Moreover, modifi
able risk factors for GDM differ according to region and lifestyle,3,5 suggesting the need to discuss specific barriers for 
adherence to nutrition- and exercise-based interventions among women in Asia.

Identifying barriers that reduce adherence to healthy behaviors is important because this can facilitate the design and 
implementation of interventions to improve the self-management of GDM. Knowledge, attitude and practice (KAP) 
surveys provide useful information regarding baseline knowledge, attitudes, beliefs, misconceptions and behaviors 
towards a health-related topic.16 Furthermore, the data provided by KAP surveys can facilitate the development and 
implementation of education/training programs to overcome issues and barriers that hinder the management of patients 
with a health problem.16 Therefore, this study aims to evaluate the knowledge, attitudes and practices of GDM 
management among patients with GDM.

Materials and Methods
Study Design and Subjects
This cross-sectional study enrolled patients with GDM at Hangzhou Women’s Hospital, Hangzhou, China, between 
September 1, 2022, and October 26, 2022. The inclusion criteria were as follows: 1) aged >18 years-old; 2) received 
OGTT screening during the second trimester (at 24–28 weeks of gestation) and was diagnosed with GDM: fasting, 1 hr 
after oral glucose and 2 hr after oral glucose with blood glucose thresholds of 5.1, 10.0 and 8.5 mmol/L, 
respectively;10 3) treated in the Nutritional Clinic and 4) fully understood the study objective and provided informed 
consent for participation. The exclusion criteria were as follows: 1) hypertension, renal disease, cardiac disease or other 
severe complications and 2) multiple pregnancies. This study was approved by the Ethics Committee of Hangzhou 
Women’s Hospital (ethics approval number: 2022K0807), and all participants provided informed written consent.

Design and Distribution of the Questionnaire
The questionnaire was designed according to a questionnaire validated in a previous study.17 The first draft of the 
questionnaire was modified by one expert in the management of GDM, and the finalized questionnaire was administered 
to 20 patients with GDM as a pretest. Analysis of the pretest results indicated that the questionnaire had good-to- 
excellent reliability (a Cronbach’s α value of 0.890, suggesting good internal consistency). Analysis of all the data also 
indicated that the questionnaire had good-to-excellent reliability (a Cronbach’s α value of 0.837). The result of the 
confirmatory factor is shown in Supplementary Figure 1 ((CFI = 0.813 (>0.800); IFI = 0.815 (>0.800); RMSEA = 0.057 
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(<0.080); CMIN/DF = 2.625 (> 1: 1–3 excellent, 3–5 good)), indicating that the questionnaire has good reliability and 
validity.

The final version of the questionnaire was in Chinese and consisted of four dimensions: demographic/clinical 
information, knowledge, attitude and practice (Supplemental Material). The demographic/clinical characteristics col
lected by the questionnaire included age, body mass index (BMI), education level, occupation, gravidity, parity, method 
of conception, family history of T2DM, history of macrosomia, history of polycystic ovary syndrome (POS) and 
gestational week. The knowledge dimension consisted of 18 questions (K1–K18), each of which was scored either 1 
point for a correct answer (for multiple response questions, 1 point was awarded only if all the correct responses were 
selected) or 0 points for an incorrect answer or selecting “unclear.” The total score for the knowledge dimension ranged 
from 0 to 18 points. The attitude dimension consisted of eight questions (A1–A8), which were scored using a 5-point 
Likert scale (“strongly agree” = 5 points, “strongly disagree” = 1 point). “Strongly agree” and “agree” were considered 
positive responses, while “neutral”, “disagree” and “strongly disagree” were considered negative responses. The total 
score for the attitude dimension ranged from 8 to 40 points. The practice dimension consisted of 10 questions (P1–P10). 
Six items in the practice dimension (P1–P5 and P7) were scored on a scale of 0–2 (“often” = 2 points, “occasionally” = 1 
point and “never” = 0 points), and the remaining four items (P6, P8–P10) were each scored 1 point for “yes” and 0 points 
for “no.” The total score for the practice dimension ranged from 0 to 16 points. The SoJump platform provided by 
WeChat messenger (Tencent, Shenzhen, China) was used to prepare the online questionnaire; all eligible individuals, 
willing to participate, were asked to scan QR code and fill in the questionnaire after receiving the explanation and signing 
the informed consent form.

Statistical Analysis
The SPSS 26.0 software (IBM Corp., Armonk, NY, USA) was used for statistical analysis. Continuous variables 
were tested for a normal distribution using the Kolmogorov–Smirnov test. Normally distributed continuous 
variables are presented as the mean ± standard deviation (SD) and were compared between groups using 
Student’s t-test (two groups) or analysis of variance (three or more groups). Non-normally distributed continuous 
variables are described as median (range) and were compared between groups using the Mann–Whitney U-test (two 
groups) or Kruskal–Wallis test (three or more groups). Correlations between continuous variables were evaluated 
using Spearman correlation analysis. Categorical variables are expressed as n (%). Practices were categorized 
according to the 87.5% scores, with a score of 14 points or above considered to indicate “good practice.” Factors 
associated with good practice were identified using univariate and multivariate logistic regression analyses. 
Variables with P < 0.05 in the univariate analysis were included in the multivariate analysis. Odds ratios (ORs) 
and 95% confidence intervals (95% CIs) were calculated. A two-sided P-value of less than 0.05 was considered 
statistically significant.

Results
Demographic and Clinical Characteristics of the Study Participants
A total of 502 questionnaires were collected, and 3 were excluded due to logical errors. The final analysis included 
completed questionnaires from 499 women with GDM. The demographic and clinical characteristics of the study 
participants are summarized in Table 1. The mean gestational week of participants was 28.74±4.34. With a mean age 
of 31.22±3.89 years, nearly half of the respondents (232/499, 46.9%) were aged ≤30 years-old, with only 60 participants 
(12.02%) aged ≥36 years-old. Most of the respondents (323/499 64.73%) had a BMI of 18.5–23.9 kg/m2, although 
a quarter of the participants had a BMI ≥24 kg/m2. The vast majority of women (443/499, 88.78%) were educated at 
junior college level or higher. Approximately half the respondents (245/499, 49.10%) had a gravidity of 1, and the 
majority (306/499, 61.32%) had a parity of 0. Most of the participants (475/499, 95.19%) had conceived naturally, and 
the majority of the women did not have POS (451/499, 90.38%), a family history of T2DM (390/499, 78.16%), or 
a history of macrosomia (487/499, 97.60%).
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Knowledge Score
The mean knowledge score was 11.55 ± 3.04 points (possible range, 0–18 points), suggesting that the surveyed women 
had a moderate level of knowledge about GDM (Table 2). The proportion of respondents giving correct answers to each 
of the 18 questions in the knowledge dimension ranged from 15.03% to 99.60% (Table 3). Seven of the 18 questions 
(items K9–K11, K14, K15, K17 and K18) were answered correctly by more than 90% of the respondents, one question 
was answered correctly by more than 75% of the respondents (item K2), while further four questions (items K3, K4, K12 
and K13) were answered correctly by more than 60% of respondents. However, only 36.67% of the study participants 
knew the correct definition of GDM (item K1), and only 15.03% of the women could identify factors associated with an 

Table 1 Demographic/Clinical Characteristics of the Women with Gestational Diabetes 
Mellitus

Characteristics N=499

Gestational weeks 28.74±4.34

Age (years) 31.22±3.89

≤30 232 (46.49)
31–35 207 (41.48)

≥36 60 (12.02)

Body mass index (kg/m2)
<18.5 48 (9.62)

18.5–23.9 323 (64.73)
≥24 128 (25.65)

Education
Senior middle school/technical secondary school or lower 56 (11.22)
Junior college/college 371 (74.35)

Master’s degree or higher 72 (14.43)

Occupation
Government administrator or leader of an enterprise or public institution 15 (3.01)

Professional (teacher, doctor, engineering technician, writer, etc.) 118 (23.65)

Clerk or relevant personnel 40 (8.02)
Commercial business, service, farming, forestry, animal husbandry, fishing 92 (18.44)

Others 234 (46.89)

Gravidity
1 245 (49.10)

2 165 (33.07)

3 62 (12.42)
≥4 27 (5.41)

Parity
0 306 (61.32)
1 174 (34.87)

≥2 19 (3.81)

Method of pregnancy
Natural conception 475 (95.19)

Assisted reproduction 24 (4.81)

Polycystic ovarian syndrome
Yes 48 (9.62)

No 451 (90.38)

Family history of diabetes mellitus
Yes 109 (21.84)

No 390 (78.16)

History of macrosomia
Yes 12 (2.40)

No 487 (97.60)
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increased risk of GDM (item K5). Furthermore, less than 35% of the participants were aware of the maternal, fetal and 
neonatal effects of maternal hyperglycemia (items K16–K8). Additionally, only 26.25% of the women were aware of the 
importance of controlling daily total nutritional intake (item K16).

Table 2 Questionnaire Scores Stratified According to the Demographic/Clinical Characteristics of the Women with Gestational 
Diabetes Mellitus

Knowledge 
Score

P Attitude 
Score

P Practice 
Score

P

Total 11.55±3.04 34.23±4.06 10.7±2.87

Age (years) 0.501 0.579 0.242
≤30 11.49±3.15 34.35±4.33 10.74±2.98

31–35 11.71±2.99 34.23±3.64 10.50±2.77

≥36 11.22±2.74 33.73±4.38 11.20±2.77
Body mass index (kg/m2) 0.043 0.030 0.270

<18.5 12.27±2.91 34.71±4.86 11.31±2.71
18.5–23.9 11.63±3.01 34.48±3.73 10.59±2.81

≥24 11.06±3.10 33.41±4.44 10.72±3.06

Education <0.001 <0.001 0.183
Senior middle school/technical secondary school or lower 8.16±3.21 31.70±5.99 10.05±2.94

Junior college/college 11.91±2.79 34.39±3.70 10.75±2.87

Master’s degree or higher 12.31±2.43 35.36±3.15 10.93±2.81
Occupation 0.310 <0.001 0.186

Government administrator or leader of an enterprise or 

public institution

11.80±3.30 33.13±7.48 11.20±3.01

Professional (teacher, doctor, engineering technician, writer, 

etc.)

11.76±2.83 35.19±3.37 11.01±2.62

Clerk or relevant personnel 11.95±2.15 35.28±3.27 11.38±2.92
Commercial business, service, farming, forestry, animal 

husbandry, fishing

10.97±3.13 32.35±4.33 10.58±2.77

Others 11.59±3.20 34.37±3.87 10.44±3.00
Gravidity 0.115 0.799 0.622

1 11.76±2.84 34.18±4.20 10.84±2.88

2 11.56±3.14 34.45±3.47 10.63±2.76
3 11.18±3.22 33.89±5.07 10.32±3.01

≥4 10.41±3.53 34.04±3.64 10.63±3.24

Parity 0.556 0.888 0.922
0 11.65±2.93 34.16±4.10 10.70±2.97

1 11.44±3.10 34.34±3.95 10.67±2.75

≥2 11.55±4.00 34.26±4.65 10.95±3.97
Method of pregnancy 0.377 0.490 0.498

Natural conception 11.52±3.06 34.25±4.07 10.68±2.89

Assisted reproduction 12.08±2.43 33.67±4.02 11.08±2.55
Polycystic ovarian syndrome 0.817 0.177 0.332

Yes 11.65±2.74 34.98±3.43 10.31±3.08

No 11.54±3.07 34.15±4.12 10.74±2.85
Family history of diabetes mellitus 0.133 0.483 0.120

Yes 11.94±2.99 34.47±4.35 11.07±2.99

No 11.44±3.04 34.16±3.98 10.59±2.83
History of macrosomia 0.074 0.927 0.236

Yes 10.00±3.64 34.33±3.68 11.67±1.56

No 11.59±3.01 34.22±4.08 10.67±2.89
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The knowledge score did not differ significantly between groups stratified according to age, occupation, gravidity, 
parity, method of conception, history of POS, family history of T2DM or history of macrosomia (Table 2). However, the 
knowledge score was significantly higher in women with a lower BMI (P = 0.043) or higher education level (P < 0.001).

Attitude Score
The average attitude score was 34.23 ± 4.06 (possible range, 8–40 points), indicating that the surveyed women had 
a strongly positive attitude toward the management of GDM. The distributions of the responses to the eight questions in 
the attitude dimension are summarized in Figure 1. The vast majority of respondents (>90%) strongly agreed or agreed 
with 6 of the 8 statements in the attitude dimension (items A1, A2, A4–A6 and A8; Figure 1), and 83.17% of the women 
gave a positive response to item A3. Approximately half of the participants strongly agreed or agreed that insulin therapy 
and other drug therapy for GDM are difficult to accept (item A7).

Attitude score was significantly higher in respondents with a lower BMI (P = 0.030) or higher education level (P < 
0.001), and differences were also observed according to occupation (P < 0.001; Table 2). However, attitude score was not 
influenced by age, gravidity, parity, method of conception, history of POS, family history of T2DM or history of 
macrosomia (Table 2).

Practice Scores
The practice score for the respondents averaged 10.7 ± 2.87 points (possible range, 0–16 points). Notably, approximately 
two-thirds of the women reported often eating a low-glucose, low-fat and low-oil diet (P4) and often restricting dietary 
intake in accordance with the recommendations of doctors/dieticians (P5), and less than 4% of the respondents reported 
never doing these things (Figure 2). However, SMBG (P1), recording of weight and diet (P2) and exercise (P3) were 
performed regularly by less than half of the respondents, and more than a quarter of the participants (26.65%) stated that 
they never performed SMBG on a regular basis (Figure 2). Furthermore, only 33.47% of the participants often actively 
sought information regarding GDM and its management (P7). More than a quarter of women with GDM (29.46%) kept 
candy available in case of hypoglycemia during exercise (P6), and 37.68% of the respondents stated that they would ask 

Table 3 Rates of Correct Answers to Questions in the Knowledge Dimension

Item Correct, 
n (%)

K1 Definition of GDM 183 (36.67)

K2 Criteria for good control of fasting blood glucose in a patient with GDM 384 (76.95)

K3 Criteria for good control of 1 h postprandial blood glucose in a patient with GDM 300 (60.12)
K4 Criteria for good control of 2 h postprandial blood glucose in a patient with GDM 310 (62.12)

K5 Factors associated with a higher risk of GDM 75 (15.03)

K6 Effects of hyperglycemia on the pregnant women 137 (27.45)
K7 Effects of hyperglycemia on the fetus 173 (34.67)

K8 Effects of hyperemia on the newborn 135 (27.05)
K9 Patients with GDM should not eat staple foods 472 (94.59)

K10 Patients with GDM can eat vegetables or fruits to replace staple foods 467 (93.59)

K11 The lower the blood glucose level, the better in patients with GDM 479 (95.99)
K12 A higher glycemic index indicates faster elevation of blood glucose 311 (62.32)

K13 A higher glycemic load indicates a greater influence on blood glucose, which can adversely influence blood glucose control 313 (62.73)

K14 A patient with GDM can eat the recommended staple foods 497 (99.60)
K15 Having smaller meals more regularly can help blood glucose control in a patient with GDM when the total dietary intake is 

controlled

476 (95.39)

K16 Controlling daily total nutritional intake is key to dietary control in patients with GDM 131 (26.25)
K17 A patient with can have “sugar-free food” at will 454 (90.98)

K18 The occurrence of hyperglycemia is associated with a poor diet 466 (93.39)

Abbreviation: GDM, gestational diabetes mellitus.
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Figure 1 Responses to items in the attitude dimension.

Figure 2 Responses to items in the practice dimension.
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community medical services for help in SMBG (P8). However, the majority of women with GDM (92.18%) indicated 
that they would see a doctor immediately if their blood glucose level was not well controlled (P9), and 99.40% of the 
respondents received regular prenatal examinations (P10). The practice score was comparable between groups stratified 
according to the various baseline characteristics (Table 2).

Correlations Between the Knowledge, Attitude and Practice Scores
Spearman correlation analysis (Table 4) revealed that the knowledge score was significantly positively correlated with the 
attitude score (r = 0.318, P < 0.001) and practice score (r = 0.351, P < 0.001). There was also a positive correlation 
between the attitude and practice scores (r = 0.209, P < 0.001).

Logistic Regression Analysis of Factors Associated with Good Practice
Univariate logistic regression analysis indicated that knowledge score (P < 0.001) and attitude score (P < 0.001) were 
significantly associated with good practice (Table 4). The multivariate analysis identified higher knowledge score (OR, 
1.138; 95% CI, 1.042–1.244; P = 0.004) and higher attitude score (OR, 1.137; 95% CI, 1.060–1.219; P < 0.001) as 
independently associated with good practice (Table 5).

Table 4 Spearman Correlations Between Knowledge, Attitude and 
Practice Scores

Knowledge Attitude Practice

Knowledge 1

Attitude 0.318 (P < 0.001) 1
Practice 0.351 (P < 0.001) 0.209 (P < 0.001) 1

Table 5 Logistic Regression Analysis of Factors Associated with Good Practice

Factor Univariate Logistic 
Regression

Multivariate Logistic 
Regression

OR (95% CI) P OR (95% CI) P

Knowledge score 1.180 (1.084–1.285) 0.000 1.138 (1.042–1.244) 0.004

Attitude score 1.160 (1.084–1.242) 0.000 1.137 (1.060–1.219) <0.001

Age (years)
≤30 Reference –

31–35 0.607 (0.362–1.018) 0.058

≥36 1.348 (0.691–2.628) 0.381
Body mass index

<18.5 Reference –

18.5–23.9 0.824 (0.357–1.904) 0.651
≥24 0.670 (0.400–1.121) 0.127

Education
Senior middle school/technical secondary school or lower Reference –
Junior college/college 2.289 (0.881–5.951) 0.089

Master’s degree or higher 2.684 (0.911–7.907) 0.073

Occupation
Government administrator or leader of an enterprise or public institution Reference –

Professional (teacher, doctor, engineering technician, writer, etc.) 1.021 (0.267–3.909) 0.975

(Continued)
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Discussion
Important findings of this study were that women with GDM in China had moderate knowledge, good attitudes and 
moderate levels of practice with regard to GDM and its management. Furthermore, the knowledge, attitude and practice 
scores were significantly positively correlated with each other. Additionally, the knowledge score and attitude score were 
independently associated with the practice score. To our knowledge, this is the first survey evaluating the knowledge, 
attitudes and practices of women with GDM in China regarding the management of their condition. Our findings provide 
new insights that may help to inform the development and implementation of targeted interventions to improve the self- 
management of GDM by pregnant women.

Previous research has indicated that women, including those who are pregnant, have a low awareness of GDM, its 
causes (including obesity), and the importance of lifestyle modifications (including eating a healthy diet and regular 
exercise) to minimize the risk of developing GDM.15–18 The present study focused specifically on women with GDM, 
who might be expected to have a greater awareness of GDM and its management than women without this disorder. 
Overall, the respondents in this study had a moderate level of knowledge, which agrees well with a previous survey of 
pregnant women with GDM in Malaysia.17 The finding that around 85% of women did not know the main risk factors for 
GDM are consistent with previous reports discussing women of reproductive age in Poland18 and Nigeria19 as well as in 
pregnant women in Nigeria20 and Australia.21 The above observations suggest that insufficient knowledge might increase 
the risk of GDM complications and educational programs are needed to raise awareness of modifiable risk factors and by 
nutrition- and exercise-based interventions to encourage appropriate lifestyle modifications.22–24

The model of education discussed in the study by Staynova et al25 implies the distribution of the booklet with 
information about SMBG, nutritional management and lifestyle modification. In this study, all participants received 

Table 5 (Continued). 

Factor Univariate Logistic 
Regression

Multivariate Logistic 
Regression

OR (95% CI) P OR (95% CI) P

Clerk or relevant personnel 1.161 (0.268–5.034) 0.842
Commercial business, service, farming, forestry, animal husbandry, fishing, etc. 0.718 (0.179–2.874) 0.640

Others 0.776 (0.209–2.880) 0.704

Gravidity
1 Reference –

2 0.616 (0.360–1.055) 0.078

3 0.564 (0.252–1.259) 0.162
≥4 1.087 (0.417–2.834) 0.865

Parity
0 Reference –
1 0.820 (0.496–1.355) 0.439

≥2 1.594 (0.552–4.609) 0.398

Method of pregnancy
Natural conception Reference –

Assisted reproduction 0.655 (0.191–2.248) 0.503

Polycystic ovarian syndrome
Yes 1.087 (0.506–2.334) 0.831

No Reference –

Family history of diabetes mellitus
Yes 1.657 (0.988–2.780) 0.056

No Reference –

History of macrosomia
Yes 0.418 (0.053–3.280) 0.407

No Reference –
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similar printed educational materials after the initial diagnosis of GDM; however, less than 40% of the participants were 
aware of some GDM risks, in particular the effects of maternal hyperglycemia on the mother, fetus and neonate (items 
K6–K8). It suggests that contents of the existing education on GDM should be modified, possibly including earlier 
opportunities for learning, prior to conception or during pregnancy, as discussed by Gastrich et al.26

Another interesting observation of this study was that the knowledge score was significantly higher for women with 
a higher level of education or a lower BMI. Our results regarding education level agree well with published data,27,28 

although not all studies have observed an association between GDM awareness and level of education.29 In contrast, 
previous reports have tended to find that a higher BMI was either associated with better knowledge of GDM18 or was 
without significant influence.30 It is possible that the women in the present study who had a lower BMI were those who 
made greater efforts to control their weight because they were more aware of the risks of overweight/obesity to the 
mother and fetus. Given the knowledge gaps identified by our survey, we suggest that the implementation of educational 
interventions during early pregnancy may help women with GDM to better understand the nature of their condition, the 
risks associated with it and the importance of adhering to self-management strategies to reduce the risks.

The respondents in this study had a strongly positive attitude toward GDM and its management, with education level, 
BMI (both of which also influenced the knowledge score) and occupation influencing attitude to some degree. Most of 
the surveyed women (>83%) strongly agreed or agreed with each of the statements in items A1–6, whereas around half 
of the participants strongly agreed or agreed that insulin therapy and other drug therapy for GDM are difficult to accept 
(item A7). Previous studies have reported that pregnant women in Nigeria,20 Spain31 and Samoa32 had positive attitudes 
toward eating a healthy diet or preventing GDM, which would be consistent with our results.

Our findings highlight some deficiencies in the practices of women with GDM surveyed in this study, despite their 
positive attitudes towards preventing and managing GDM. In particular, despite restricting dietary intake in accordance 
with the recommendations of doctors/dieticians, less than half of participants participated in exercise, and more than 
a quarter of the participants did not perform SMBG on a regular basis. It is interesting to note that in the previous study, 
comparing the women with GDM and those with pre-existing diabetes, women in GDM group reported adhering to 
dietary restrictions more often, suggesting that this part of lifestyle management is successfully covered by in-hospital 
education.33 At the same time, exercising and especially regular SMBG need to be explained in more detail and 
additional support should be proposed to those women who might need it. In this study, practice scores did not depend 
on baseline characteristics but rather were associated with knowledge and attitude, implying that interventions to enhance 
knowledge and attitude might lead to improvements in practice. In addition to that, digital health interventions such as 
smartphone apps, SMS messaging and websites have been shown to enhance glycemic control in pregnant women with 
GDM.34 Thus, additional studies are merited to explore the effects of interventions such as these on the knowledge, 
attitudes and practices of women with GDM and on their glycemic control.

This study has some limitations. First, the sample size was not very large, so it is possible that the analysis had 
insufficient statistical power to detect some real differences between groups. Second, this was a single-center study, so 
the generalizability of the findings remains unknown. Third, although the KAP questionnaire was designed based on 
a previously described tool, it may have limitations regarding its ability to evaluate perceptions of GDM. Fourth, this 
study did not assess whether education/training programs would enhance questionnaire scores or glycemic control.

Conclusions
In conclusion, results of this study provide important insights into the knowledge, attitudes and practices of women with 
GDM in China regarding GDM and its management. We anticipate that these findings and those of other surveys14,15,35 

will facilitate the development and implementation of education and training programs to improve the self-management 
of GDM by women in China.

Abbreviations
GDM, gestational diabetes mellitus; OGTT, oral glucose tolerance test; T2DM, type 2 diabetes mellitus; KAP, 
Knowledge, attitude and practice; BMI, body mass index; POS, polycystic ovary syndrome; K1–K18, knowledge 
dimension consisted of 18 questions; SD, standard deviation.
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