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Objective

To investigate the correlation of trends in lipid profiles from first to second trimester with trends in insulin indices and gestational diabetes mellitus (GDM).



Methods

Secondary analysis of an ongoing prospective cohort study was conducted on 1234 pregnant women in a single center. Lipid profiles, glucose metabolism and insulin indices were collected in the first and second trimesters. Trends in lipid profiles were divided into four subgroups: low-to-low, high-to-high, high-to-low and low-to-high group. Insulin indices including homeostasis model assessment of insulin resistance and quantitative insulin sensitivity check index were calculated to evaluate insulin resistance (IR). Trends in insulin indices were described as: no IR, persistent IR, first-trimester IR alone and second-trimester IR alone. Pearson correlation analysis and multivariate logistic regression were performed to assess the associations of lipid profiles subgroups with insulin indices and GDM.



Results

First- and second-trimester total cholesterol (TC), triglycerides (TG) and high-density lipoprotein cholesterol were strongly correlated to first- and second-trimester insulin indices. Only TG had a sustained correlation with glucose metabolism indices. High-to-high low-density lipoprotein cholesterol (LDL-c) was an independent risk factor for GDM. High-to-high TG and high-to-low TG groups were independent risk factors for persistent IR. High-to-high TG and low-to-high TG groups were independent risk factors for second-trimester IR alone.



Conclusion

TG has a sustained correlation with insulin indices and glucose metabolism indices. Persistently high TG is an independent risk factor for persistent IR and second-trimester IR alone. Regardless of whether pregnant women have first-trimester IR, lower TG levels help reduce the risk for persistent IR or subsequent development of IR. These results highlight the benefit of lowering TG levels in early and middle pregnancy to prevent the development of IR.
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Introduction

Gestational diabetes mellitus (GDM) is one of the most common complications during pregnancy in China (1–3) and is associated with short-term and long-term adverse outcomes in the mother and her offspring. GDM increases the risks of maternal and perinatal morbidities, such as cesarean delivery, preterm labor, fetal macrosomia, neonatal hypoglycemia and the need for neonatal unit admission (4, 5). Moreover, women with a previous history of GDM and the offspring of affected pregnancy are predisposed to future type 2 diabetes mellitus, obesity, and cardiovascular and metabolic diseases (6–8).

Excessive insulin resistance (IR), commonly calculated by two insulin indices: the homeostasis model assessment of insulin resistance (HOMA-IR) and quantitative insulin sensitivity check index (QUICKI), is a contributory factor in the pathogenesis of GDM. It is suggested that IR during pregnancy increases the risk of GDM (9–11). Furthermore, GDM with IR increases adverse pregnancy outcomes, such as preterm labor, large for gestational age (LGA) fetuses and hypertensive disorders of pregnancy, compared with GDM without IR (12, 13).

Dyslipidemia plays important roles in impaired glucose metabolism and IR (14, 15). These three conditions interact and can aggravate adverse maternal and fetal outcomes. Previous studies have shown that dyslipidemia during pregnancy is associated with the subsequent development of GDM, IR, preeclampsia and LGA (12, 13, 16, 17). However, it is unclear whether the longitudinal trends in IR status parallel trends in lipid profiles throughout pregnancy. We hypothesized that trends in lipid profiles from first to second trimester would influence the incidence of GDM and relate to the trends in insulin indices.

This study aimed to investigate the correlation of trends in lipid profiles from first to second trimester with trends in insulin indices and GDM.



Material and methods

This secondary analysis of data from a prospective cohort study included pregnant women who performed routine prenatal care at First Affiliated Hospital of Sun Yat-sen University between July 2021 and July 2022.

Inclusion criteria for the study were: age ≥18 years old; singleton pregnancy; underwent blood tests for lipid profiles and fasting insulin in both the first (<14 weeks of gestation) and second (24-28 weeks of gestation) trimesters; Exclusion criteria were: women with pregestational diabetes mellitus or impaired fasting glucose; pregnancy loss or termination of pregnancy before 28 weeks of gestation; missing data on lipid profiles, insulin or GDM diagnosis.

All the following data were extracted from the electronic medical records in our hospital: maternal demographic characteristics including maternal age, body mass index (BMI, calculated in kg/m2) before pregnancy, method of conception, smoking, first-degree family history of diabetes mellitus and parity; blood test results in the first and second trimesters including lipid profiles: total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-c) and low-density lipoprotein cholesterol (LDL-c); glucose metabolism indices: hemoglobin A1c (HbA1c), oral glucose tolerance test (OGTT) result between 24 and 28 weeks of gestation, first-trimester fasting plasma glucose (FPG, second-trimester FPG was included in OGTT test); and insulin indices: fasting insulin (FINS), HOMA-IR and QUICKI.

Pregestational diabetes mellitus included diabetes diagnosed before pregnancy and overt diabetes in pregnancy (18). Impaired fasting glucose was defined as FPG 5.6-6.9 mmol/L in the first trimester (19). GDM was diagnosed when one or more of the following one-step 75g OGTT criteria were first met between 24 and 28 weeks of gestation: FPG 5.1-6.9 mmol/L, 1-hour plasma glucose ≥10.0 mmol/L or 2-hour plasma glucose 8.5-11.0 mmol/L (20).


Definition and subgroups of abnormal lipid profiles and insulin indices

Each lipid parameter was stratified into two levels. For TC, TG and LDL-c, concentrations above the 75th percentile of the study population were defined as high, otherwise were specified as low. For HDL-c, concentrations below the 25th percentile of the study population were defined as low, otherwise were specified as high. Accordingly, four lipid subgroups (G1 to G4) were derived based on the lipid levels from first to second trimester. Among them G1 denoted low-to-low group, G2 denoted high-to-high group, G3 denoted high-to-low group, and G4 denoted low-to-high group, respectively. For example, for TG, women in G1 group represented those whose TG levels were below the 75th percentile of the study population across the two trimesters.

Insulin indices including HOMA-IR and QUICKI were applied to evaluate IR. HOMA-IR was calculated as FINS (μU/mL) × FPG (mmol/L)/22.5. QUICKI was calculated as 1/(Log FPG (mg/dL) + Log FINS (μU/mL). In the present study, IR was defined by a HOMA-IR index above the 75th percentile of the study population, and a QUICKI index lower than the 25th percentile of the study population (21). Four HOMA-IR subgroups were derived: IR-H1 group, defined as pregnancies without high HOMA-IR in both the first and second trimesters; IR-H2 group, defined as pregnancies with persistently high HOMA-IR in both the first and second trimesters; IR-H3 group, defined as pregnancies with first-trimester high HOMA-IR alone; and IR-H4 group, defined as pregnancies with second-trimester high HOMA-IR alone. Similarly, four QUICKI subgroups were derived: IR-Q1 group, defined as pregnancies with persistently high QUICKI in both the first and second trimesters; IR-Q2 group, defined as pregnancies with persistently low QUICKI in both the first and second trimesters; IR-Q3 group, defined as pregnancies with first-trimester low QUICKI alone; and IR-Q4 group, defined as pregnancies with second-trimester low QUICKI alone. Based on that, trends in IR were described as no IR, persistent IR, first-trimester IR alone and second-trimester IR alone.



Statistical analysis

Continuous variables were presented in mean ± standard deviation and categorical variables were represented in counts and proportions. Continuous variables were compared across different subgroups by Mann-Whitney U test, and categorical variables were compared by χ2 test or continuity correction test. Pearson correlation analysis was performed to evaluate the associations among lipid concentrations, insulin indices and glucose metabolism indices.

Multivariate logistic regression was performed to explore whether trends in lipid profiles from first to second trimester were associated with trends in insulin indices and GDM. The adjusted odds ratios (aOR) and 95% confidence intervals (CI) were calculated by adjusting maternal age, BMI before pregnancy, conception by in vitro fertilization (IVF), first-degree family history of diabetes mellitus, smoking and multiparous. The relationships of lipid profiles with insulin indices and GDM were also explored within subgroups stratifying BMI before pregnancy, which were categorized as underweight (< 18.5 kg/m2), normal weight (18.5-23.9 kg/m2), overweight or obese (≥ 24.0 kg/m2).

Statistical software package SPSS Statistics 26.0 (SPSS Inc., Chicago, IL, USA) and R software (version 4.1.3) were used for data analyses. In all analyses, P value of less than 0.05 was considered statistically significant.




Results


Baseline characteristics, lipid profiles, glucose metabolism indices and insulin indices in the study population

The total study population consisted of 2021 women with singleton pregnancies that underwent all the required blood tests during the study period. Seven hundred and eighty-seven cases were excluded due to pregnancy loss or termination of pregnancy (n=34), preexisting diabetes mellitus (n=55) and missing data (n=698). The remaining 1234 cases comprised 233 (18.9%) GDM and 1001 (81.1%) non-GDM cases.

In the present study, the 75th percentile of HOMA-IR in the study population were 1.60 and 1.96 in the first and second trimesters, respectively; and the 25th percentile of QUICKI were 0.36 and 0.34 in the first and second trimesters, respectively. Accordingly, 778 (63.0%) women had persistently low HOMA-IR in both the first and second trimesters (IR-H1). By contrast, 159 (12.9%), 148 (12.0%) and 149 (12.1%) women had high HOMA-IR in both trimesters (IR-H2), in first trimester alone (IR-H3) and second trimester alone (IR-H4), respectively. Similarly, 783 (63.4%), 155 (12.6%), 142 (11.5%) and 154 (12.5%) women had persistently high QUICKI (IR-Q1), persistently low QUICKI (IR-Q2), first-trimester low QUICKI alone (IR-Q3) and second-trimester low QUICKI alone (IR-Q4), respectively.

In the first and second trimesters, high TC, TG and LDL-c levels were defined as above 5.50 and 7.00 mmol/L, 1.59 and 2.49 mmol/L, 3.10 and 4.03 mmol/L, respectively; low HDL-c level was defined as below 1.56 and 1.83 mmol/L, respectively in the present study. Each lipid parameter was divided into four subgroups (G1-G4) as described in the methods part. Over half of our study population had normal lipid levels in the first and second trimesters (numbers and percentages in each lipid were TC: 858, 69.5%; TG: 813, 65.9%; HDL-c: 825, 66.9% and LDL-c: 817, 66.2%, respectively). Conversely, numbers and percentages in women with persistently abnormal lipid levels were TC: 175, 14.2%; TG: 194, 15.7%; HDL-c: 193, 15.6% and LDL-c: 194, 15.7%, respectively.

Compared to non-GDM group, maternal age, BMI before pregnancy, the proportion of conception by IVF, first-degree family history of diabetes mellitus and first-trimester TC and LDL-c were higher in GDM group (Table 1). TG, HbA1c, FINS and HOMA-IR were higher, and QUICKI was lower in GDM group than those in non-GDM group in both first and second trimesters (Table 1).


Table 1 | Maternal characteristics, lipid profiles and glucose metabolism and insulin indices in the first and second trimesters in women with and without gestational diabetes mellitus.



Compared to IR-H1 group, women had higher maternal BMI before pregnancy, first-trimester LDL-c, and both first- and second-trimester TG, HDL-c and FINS in IR-H2, IR-H3 and IR-H4 groups, respectively (all P <0.05) (Table 2). First-trimester TC was higher in IR-H2 group than that in IR-H1 group (Table 2). Comparison of lipid profiles and glucose metabolism indices between IR-Q1 group and IR-Q2, IR-Q3 and IR-Q4 groups demonstrated similar results (Table 3). We further compared lipid profiles among women with different IR statuses separately in first and second trimesters. The results showed that first-trimester TC and LDL-c, and first- and second-trimester TG and HDL-c were significantly different in those with high HOMA-IR compared to those without (sTable 1). Comparison of lipid profiles and glucose metabolism indices between women with and without low QUICKI also demonstrated the analogous results (sTable 2).


Table 2 | Maternal characteristics, lipid profiles and glucose metabolism indices in different HOMA-IR subgroups.




Table 3 | Maternal characteristics, lipid profiles and glucose metabolism indices in different QUICKI subgroups.





Correlation between lipid profiles, glucose metabolism indices and insulin indices

The first-trimester levels of TC, TG, LDL-c and HDL-c showed significant correlation to first- and second-trimester FINS, HOMA-IR and QUICKI (Figure 1). Among them TG had stronger connection to insulin indices (First trimester: FINS: r=0.32, HOMA-IR: r=0.31, QUICKI: r=-0.31; second trimester: FINS: r=0.30, HOMA-IR: r=0.30; QUICKI: r=-0.30; all P < 0.05) (Figure 1). The second-trimester levels of TG and HDL-c represented positive relationship to first- and second-trimester FINS, HOMA-IR and QUICKI (Figure 2). As shown in Figure 2, TG still had relatively higher connection to insulin indices (First trimester: FINS: r=0.26, HOMA-IR: r=0.25, QUICKI: r=-0.27; second trimester: FINS: r=0.30, HOMA-IR: r=0.29; QUICKI: r=-0.30; all P < 0.05).




Figure 1 | Correlations of first-trimester lipid profiles with glucose metabolism and insulin indices. Asterisk (*) in the circles denoted P < 0.05; _1st and _2nd denoted first and second trimester, respectively.






Figure 2 | Correlations of second-trimester lipid profiles with glucose metabolism and insulin indices.



For glucose metabolism indices, only rises in TG paralleled increases in all the glucose metabolism indices across the two trimesters (Figures 1, 2). Overall, TG showed a more significant connection to insulin indices than to glucose metabolism indices. The relationship between first- and second-trimester lipid profiles were depicted in sFigure 1.



Trends in lipid profiles and risk of GDM and IR

After adjustment for covariates, high-to-high (G2) LDL-c was an independent risk factor for GDM (aOR 1.661, 95% CI 1.139-2.422), but not high-to-low (G3) or low-to-high LDL-c (G4) group (Figure 3). Trends in TG were not associated with the incidence of GDM (Figure 3). Stratified analysis indicated that high-to-high LDL-c group contributed to risk of GDM in women with underweight and obese or overweight, not in women with normal weight (sTable 3).




Figure 3 | Associations between trends in lipid profiles and GDM Adjusted for Maternal age, BMI, Conception by IVF, Family history of diabetes mellitus, Smoking and Multiparous; G1, low-to-low group; G2, high-to-high group; G3, high-to-low group; G4 low-to-high group.



High-to-high (G2) TG group was an independent risk factor for IR-H2 and IR-H4 (aOR 2.222, 95% CI 1.408-3.506; aOR 1.823, 95% CI 1.149-2.894, respectively) after the adjustment for covariates (Figure 4). High-to-low (G3) TG group was associated with IR-H2 (aOR 2.162, 95% CI 1.226-3.812), and low-to-high (G4) TG group was correlated with IR-H4 (aOR 2.744, 95% CI 1.666-4.520) (Figure 4). The associations of G2 group of TGs with IR-Q2 and IR-Q4 were also validated (Figure 5). Besides, G2 group of TGs increased the risk of IR-Q3 (aOR 1.605, 95% CI 1.015-2.539) (Figure 5). Low-to-low (G1) HDL-c demonstrated comparable risk of IR-H4 (aOR 1.732, 95% CI 1.105-2.715) and IR-Q4 (aOR 1.740, 95% CI 1.117-2.712). High-to-high (G2) LDL-c revealed comparable risk of IR-H1 (aOR 1.690, 95% CI 1.076-2.654) and IR-Q1 (aOR 1.773, 95% CI 1.126-2.791) (Figures 4, 5). Stratified analysis showed significant association of high-to-high TG with persistent IR and second-trimester IR alone, respectively for women with normal weight, but not for women with underweight and overweight or obese (sTables 4, 5).




Figure 4 | Associations between trends in lipid profiles and trends in insulin resistance calculated by HOMA-IR IR-H2, pregnancies with persistently high HOMA-IR in both the first and second trimesters; IR-H3 group, pregnancies with first-trimester high HOMA-IR alone; IR-H4 group, pregnancies with second-trimester high HOMA-IR alone.






Figure 5 | Associations between trends in lipid profiles and trends in insulin resistance calculated by QUICKI IR-Q2, pregnancies with persistently low QUICKI in both the first and second trimesters; IR-Q3 group, pregnancies with first-trimester low QUICKI alone; IR-Q4 group, pregnancies with second-trimester high low QUICKI alone.






Discussion

This study has demonstrated that first, the concentration of first- and second-trimester lipid profiles are significantly different between women with and without GDM, and between women with and without IR; second, both first- and second-trimester TC, TG, and HDL-c are strongly correlated to first- and second-trimester insulin indices, while only TG has sustained correlation with glucose metabolism indices; third, persistently high TG is an independent risk factor for persistent IR and second-trimester IR alone.

The association between hypertriglyceridemia and GDM has been well elaborated. Recent meta-analysis has reported that among studies exploring the relationship between lipid profiles and GDM, TG is the most crucial with most included studies reporting higher TG levels in women with GDM (22). Further analysis has supported that higher TG levels in women with GDM occur in the first trimester and persist across pregnancy (22). Our study also has shown elevated TG levels in women with GDM in both first (1.47 ± 0.56 mmol/L vs 1.33 ± 0.53 mmol/L, P < 0.001) and second trimester (2.22 ± 0.79 mmol/L vs 2.12 ± 0.85 mmol/L, P < 0.001), compared to women without GDM. However, results are less consistent for the other lipids. Some evidence has shown elevated TC and LDL-c levels in women with GDM compared to those without. While a nested case-control study that has measured first- and second-trimester lipid profiles levels among 318 pregnant women conclude that there is no statistical difference in TC and LDL-c between women with GDM and those without (23). This conclusion is also supported by another meta-analysis (24). Our study has observed higher TC and LDL-c levels in women with GDM than those without in the first trimester but not in the second trimester. However, no significant difference in HDL-c has been found between women with and without GDM across two trimesters.

Consistent with previous research, TG levels strongly correlate with OGTT test results in both the first and second trimesters (16, 22). Nevertheless, trends in TG are not an independent risk for GDM in our study after adjusting for covariates. In stratified analysis, persistently high TG is associated with GDM in women with underweight (aOR 7.626, 95% CI 1.268-45.857), but the wide CI indicates that this result is not sufficiently powered. Several risk factors have been proposed to contribute to GDM, such as being overweight or obese before pregnancy, genetic factors, inflammatory factors and dyslipidemia (especially hypertriglyceridemia irrespective of the period in pregnancy) (8, 16, 25–27). A large-scale retrospective study in China has reported that persistently high TG levels (defined as above the 90th percentile of the population) in the first and third trimesters increase the risk of GDM (aOR 1.97, 95% CI 1.57-2.47), compared to those with persistently low TG levels throughout pregnancy (16). It seems that our results with respect to TG and risk of GDM are rather incompatible with existing conclusions. This inconsistency may be due to the one-step approach for screening GDM in our cohort, which is still under debate whether it will identify more women that are considered as low risk for GDM compared to the two-step approach (28). The lower definition thresholds may lead to overdiagnosis and thus reduce the efficacy of TG to detect the risk for GDM.

Hypertriglyceridemia is an outstanding reflection of insulin resistance. It is an essential criterion for diagnosing metabolic syndrome (29) and both of which are known to be associated with adverse pregnancy outcomes, such as hypertensive disorders of pregnancy (12, 16, 30), preterm labor (13) and LGA (12, 13, 16, 31); and with long-term risk for cardiovascular disease (32, 33). The relationship between elevated TG levels and increased risk of IR has been clearly stated in non-pregnant individuals (29, 34, 35). Nevertheless, only a few studies have reported such a correlation in pregnant population in the first (9) or second trimester (36, 37). The current study has directly indicated the sustained correlation between TG and insulin indices in the first and second trimesters. Also, it has been denoted that high-to-high TG is an independent risk factor for persistent IR and second-trimester IR alone. In stratified analysis, the associations of persistently high TG with persistent IR and second-trimester IR alone exist in women with normal weight (IR-H2: aOR 2.470, 95% CI 1.391-4.383; IR-H4: aOR 2.389, 95% CI 1.437-3.969; IR-Q2: aOR 2.487, 95% CI 1.398-4.422; IR-Q4: aOR 2.382, 95% CI 1.436-3.950), but not in women with underweight and overweight or obesity. Another retrospective study including 2647 GDM women in China has demonstrated the connections between HOMA-IR and adverse pregnancy outcomes (13). However, stratified analysis of their study also fails to support such results in women with underweight, overweight, or obesity. The authors have claimed that they could not differentiate whether nonsignificant association is contributed by early lifestyle interventions in obese women. In our cohort, no interventions have been applied to overweight or obese women attending for first antenatal visit, but we have not recorded their lifestyle such as physical activities and dietary patterns before and during pregnancy. Therefore, further research is needed to investigate whether the underlying pathogenesis of IR during pregnancy is discordant between women with overweight or obese and with normal weight.

Both high-to-high TG group and high-to-low TG group are associated with the risk of persistent IR, implying that no matter the TG levels in the second trimester, pregnant women would suffer an increased risk of persistent IR so long as the TG levels are high in their first trimester. This result emphasizes the importance of lowering lipid levels in early pregnancy or even before conception to prevent the development of persistent IR in women with first-trimester IR. On the other hand, high-to-high TG group and low-to-high TG group are associated with the risk of women who have no IR in the first trimester but develop IR afterward, whereas high-to-low TG group is not. Consequently, for women without first-trimester IR, it is still reasonable to lower their TG levels in the first and second trimesters to reduce the risk of the later development of IR. Since plasma insulin concentration is not a routine blood test during antenatal visits in most care centers, TG may be additionally used as a surrogate estimate of insulin resistance during pregnancy. The associations between longitudinal trends in TG and IR in our study highlight the benefit of lowering lipid levels in early and middle pregnancy to prevent IR.

The main strength of our study included the synchronous screening of first- and second-trimester lipid profiles, glucose metabolism and insulin indices in the same population. Outcome variables were analyzed in continuous and categorical forms to strengthen the robustness of the results. The main baseline characteristics that may contribute to the outcomes of our cohort were almost completely extracted. There are also some limitations of our study. We only collected first- and second-trimester blood tests, making it difficult to depict the trends in lipid profiles and insulin indices throughout the pregnancy. In line with previous studies, we have confirmed the relationships between TG and IR in the first and second trimesters, therefore more effort is needed to identify the association between lipid profiles and insulin indices in the third trimester. The setting of single center and exclusion of multiple pregnancies limit the generalizability of our results. The third limitation was that the comparison of maternal and fetal outcomes between lipid subgroups and IR subgroups was lacking, albeit the effect of dyslipidemia and IR on adverse outcomes has been widely discussed in previous research. Finally, due to the study design, we did not collect other factors which may influence maternal lipid levels, including thyroid hormone, weight gain during pregnancy and factors related to hypercoagulability such as antenatal hospital admission and family history of venous thromboembolism.

In conclusion, our results suggest that TG has a sustained correlation with insulin indices and glucose metabolism indices in both the first and second trimesters. In addition, persistently high TG is an independent risk factor for persistent IR and second-trimester IR alone. For women with first-trimester IR, it is still important to lower their lipid levels in early pregnancy or even before conception to prevent the development of persistent IR. For women without first-trimester IR, it is still reasonable to lower TG levels in the first and second trimesters to reduce the risk of the later development of IR. These results together highlight the benefit of lowering TG levels in early and middle pregnancy to prevent the development of IR.
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