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Introduction
Recent evidence has shown the importance of gut microbiota in human metabolic health [1]. Gut microbiota dysbiosis in turn, has been associated with the development of a wide range of metabolic diseases, including type 2 diabetes [1]. Whether microbiota composition contributes to the development of GDM, the common condition in pregnant women, is currently unknown. We hypothesized that gut microbiota may be involved in the development of GDM, possibly through inflammation-driven alterations in glucose metabolism [2].
We measured whether gut microbiota composition in early pregnancy differs in women who developed GDM from that of women who did not develop GDM in later pregnancy. 
Methods
This study included 75 overweight and obese women without GDM at early pregnancy. Inclusion criteria were <17 weeks of gestation, body mass index (BMI) ≥25 and age 18-45y. Exclusion criteria included chronic metabolic and gastrointestinal diseases including celiac disease, inflammatory bowel diseases and diabetes. Gut microbiota composition was analysed at a mean of 12.9 (SD 2.5) weeks of gestation through 16S RNA gene sequencing and the QIIME pipeline. On the basis of the sequences, a total of 731 operating taxonomic units (OTUs) were detected and the relative abundance was determined. The bacteria with a relative abundance >1% were considered to be reliable and were selected for further analysis. Fasting plasma glucose concentration and hs-CRP were measured in accreted laboratory with standard methods. Daily intakes of fat and fibre were calculated from three-day food diaries using computerized software (Aivo diet 2.0.2.3, Aivo, Turku, Finland).
The GDM was diagnosed on the basis of a 2 hour 75 g oral glucose tolerance test (OGTT) if one or more values were at or above the threshold level: 0 h ≥5.3, 1 h ≥10.0, 2 h ≥8.6 mmol/l at a mean 25.5 (SD 2.2) weeks of gestation.  
All procedures involving human subjects were approved by the Ethics Committee of the Hospital District of Southwest Finland.
Mann-Whitney U tests were used for the initial analyses to compare the gut microbiota in women who developed GDM with that in women who did not develop GDM. The Benjamini–Hochberg method was used to control the false discovery rate of multiple comparisons at each taxonomic level. A q-value <0.1 was considered significant. Statististically significant microbiota variables were chosen for further analyses. GDM risk was evaluated by binary logistic regression model with microbiota variables, also adjusted for potential confounding risk factors to GDM (prepregnancy BMI and presence of type 2 diabetes or metabolic syndrome in parents) and factors that might influence gut microbiota composition (dietary intake of fat and fibre) as well as age, weeks of gestation, fasting plasma glucose and the study group of the original intervention setting (ClinicalTrials.gov, NCT01922791). Receiver-operating characteristics (ROC) analysis and the Youden index (sensitivity+specificity-1) were calculated to identify the statistically optimal cut-off value for microbiota variables that were related to higher OR for GDM. The correlation of microbiota with fasting glucose and inflammation were analysed using Pearson’s correlation. Statistical analyses were performed with IBM SPSS Statistics for Windows version 23.0 by a statistician (TV) independent of the study planning and execution. 
Results
The faecal microbiota differed in women who developed GDM (n=15) from those who did not develop GDM (n=60) in class Clostridia (Supplemental Table S1) and in family Ruminococcaceae, in an unidentified genus and species of family Ruminococcaceae (Table 1). Four of the women without GDM had used antibiotics within three weeks prior to the study visit. The difference in Ruminococcaceae between the women without GDM and with GDM remained statistically significant regardless the exclusion of these women. 
Increased relative abundance of the Ruminococcaceae family was associated with higher odds of a positive GDM diagnosis; the OR for a percent point increase in Ruminococcaceae was 1.12 (95%CI 1.02–1.2; adjusted for BMI, intervention group, gestational weeks, and fat and fibre intake, P=0.017). The same was detected after further adjustment for parents’ type 2 diabetes or metabolic syndrome (OR 1.095, 95%CI 1.004-1.193, P=0.039, n=67). A significant difference in fasting glucose and insulin (Suppplemental Table S2) was detected at early pregnancy; further adjustment on the basis of glucose resulted in a non-statistically significant relationship (adjusted OR 1.071, 95%CI 0.981-1.170, P=0.125). 
The optimal cut-off value for the Ruminococcaceae family was defined as ≥26.8%; values above this cut-off predicted positive GDM diagnosis, with a sensitivity of 60% (95%CI 35% to 85%) and a specificity of 88% (95%CI 80% to 96%). 60% of the women (9/15) with GDM and 12% of the women (7/60) without GDM had Ruminococcaceae abundance above the cut-off value. The area under the curve (AUC) was 0.73 (95%CI 0.57 to 0.88) (Figure 1). 
A statistically significant correlation was detected between Ruminococcaceae and glucose (Pearson correlation, ρ=0.31, P=0.007) but not with hs-CRP (ρ=-0.150, P=0.20) or insulin (ρ=0.09, P=0.45).
Discussion
We demonstrated that the microbiota composition, particularly the Ruminococcaceae family,  differs in women who develop GDM compared with women who do not develop GDM. 
To our knowledge, this is the first study to demonstrate the link between gut microbiota composition and the onset of GDM. A recent study reporting [3] the correlation between Ruminococcaceae and markers of glucose metabolism, namely insulin and C-peptide, measured in overweight and obese women in early pregnancy supports our study hypothesis. Additionally, distinct gut microbiota compositions have been observed in insulin-resistant women with recent GDM compared with women after a normoglycaemic pregnancy [4]. The potential mechanism for our findings may be the impairment of glucose homeostasis induced by the microbiota, since we found that Ruminococcaceae correlated with fasting glucose and insulin which together with pregnancy -induced insulin resistance likely contributes to the onset of GDM. It is also possible that Ruminococcaceae promote impairment in glucose homeostasis through inflammation and consequently altered insulin signalling, although we did not detect a correlation between Ruminococcaceae and hs-CRP.  Other possible mechanisms may arise from the high metabolic activity of bacteria in the Ruminococcaceae family, including production of short-chain fatty acids and enhanced energy harvest [5]. Subsequently, an increase in body weight and adiposity might adversely influence glucose metabolism but in our study the relationship between Ruminococcaceae and risk of GDM was significant even after adjustment for the prepregnancy BMI of the mothers. 
Although we had relatively small number of women, the study was prospective and carefully characterized the pregnant women in a clinical trial setting. We also used robust statistical approaches, ie. corrected for multiple testing and verified the association of Rumicoccaceae and GMD by linear regression. 
We conclude that the relative abundance of Ruminococcaceae in early pregnancy is related to the onset of GDM in later pregnancy. Gut microbiota may be considered a potential target for modification by specific dietary approaches to reduce the risk of GDM. 
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Table and Figure legends
Fig 1 ROC curve for relative abundance of Ruminococcaceae to predict the GDM. The AUC was 0.73 (95% CI 0.57 to 0.88). An optimal cut-off value for Ruminococcaceae (circle in figure) for maximizing the Youden Index was ≥26.8%, with a sensitivity of 60% (95% CI 35% to 85%) and a specificity of 88% (95% CI 80% to 96%)
Supplemental Table S1. The gut microbiota in women who developed GDM and in women who did not develop GDM.
Supplemental Table S2. Clinical characteristics of the women. 
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Table 1. Relative abundance (mean (SD)%) of gut Ruminococcaceae family, unidentified genus and species of Ruminococcaceae family in the two study groups. 
	
	Women who developed GDM
median (IQR)% 
	Women who did not develop GDM
median (IQR) 
	P-value1/BH-adjusted P-value2

	Ruminococcaceae family
	27.8 (19.9-29.4)
	19.1 (13-6-24.3)
	0.007/0.07

	Unidentified genus of Ruminococcaceae family
	17.1 (10.7-18.1)
	8.2 (5.2-12.3)
	0.003/0.039

	Unidentified species of Ruminococcaceae family
	17.1 (10.7-18.1)
	8.2 (5.2-12.3)
	0.003/0.052


1Mann-Whitney U tests between the two study groups. 2BH-adjusted P-values: adjusted for multiple comparisons using the Benjamini–Hochberg method to control the false discovery rate at each taxonomic level. A q-value <0.1 was considered significant.
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