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Abstract

Aims
The global escalation of web-based and mobile technologies has led to the worldwide adoption of online social networking tools. In the setting of diabetes care, social networking services (SNS) can facilitate real-time communication and feedback of blood glucose and other physiological data between patients and healthcare professionals. This systematic review and meta-analysis aims to summarise the current evidence surrounding the role of online social networking services in diabetes care.

Methods
We performed a systematic literature review of the Medline, EMBASE and PsychINFO databases to detect all studies reporting HbA1c (glycosylated haemoglobin) as a measure of glycaemic control for social networking services in diabetes care. HbA1c, clinical outcomes and the type of technology used in the diabetes interventions were extracted. Study quality and publication bias were assessed. 

Results
34 randomised controlled trials incorporating a total of 2550 patients fulfilled our inclusion criteria and were analysed using random effects modelling. SNS interventions beneficially reduced HbA1c by 0.46% (95%CI [-0.58, -0.34]) when compared to controls, however with significant heterogeneity (I2=74%). Sensitivity analysis of high quality studies confirmed these results by revealing an HbA1c decrease of 0.43% (95%CI ). SNS also produced a significant improvement in systolic and diastolic blood pressure (reductions of 3.47mmHg and 1.84mmHg respectively), triglycerides (-11.05mg/dL, 95%CI [-20.92, -1.18]) and total cholesterol (-5.74mg/dL, 95%CI [-9.71, -1.78]). Subgroup analysis according to diabetes type showed that Type 2 diabetes patients had a significantly greater reduction in HbA1c than those with Type 1 diabetes (-0.55, 95%CI [-0.68, -0.42] vs. -0.12, 95%CI [-0.32, 0.08]). 

Conclusions
Online social networking services provide a novel, feasible approach to improving glycaemic control, particularly in patients with Type 2 diabetes. Further mechanistic and cost-effectiveness studies are required to improve our understanding of SNS and its efficacy in diabetes care. 
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Introduction 

Diabetes mellitus is a highly prevalent metabolic disorder, which demands continuous medical care, patient education, self-management and regular access to support systems [1]. Approximately 347 million people have diabetes worldwide and this figure is expected to increase to 366 million by 2030, representing 4.4% of the global population [2, 3]. Furthermore, as a result of the systemic complications of diabetes including cardiovascular, renal, neurological and eye disease[4], diabetes has a significant global financial burden, costing the global economy $471 billion in 2012 [5]. Prospective studies such as the Diabetes Control and Complications Trial (DCCT) and UK Prospective Diabetes Study (UKPDS) demonstrated that blood glycaemic control significantly reduces the risk of diabetic comorbidities [6, 7] including cardiovascular risk, retinopathy, nephropathy and neuropathy. 

Diabetic patients have been traditionally monitored via conventional face-to-face clinician visits with their healthcare provider. Although a number of measures of diabetic control may be utilised, the most common is the measurement of blood glycosylated haemoglobin (HbA1c), a measure of the exposure of the erythrocyte to glucose, which provides a means to predict the risk of development of long-term complications[8]. However, the advancement of social networking through the development of mobile phone and web-based technologies and their increased accessibility in nearly all populations has prompted investigations into alternative methods of chronic disease-management[9]. By the end of 2011 there were 6 billion mobile phone subscriptions, corresponding to a global penetration of 86%, and 2.3 billion Internet users worldwide, where 70% of households in developed countries had Internet access [10]. The ubiquity of these devices and their relatively low cost of distributing information make them an effective medium to incorporate social networking into diabetes care [9]. 

Online social networking services (SNS) can be defined as, “web-based services that allow individuals to (1) construct a public or semi-public profile within a bounded system, (2) articulate a list of other users with whom they share a connection, and (3) view and traverse their list of connections and those made by others within the system. The nature and nomenclature of these connections may vary from site to site (Boyd and Ellison).” (http://jcmc.indiana.edu/vol13/issue1/boyd.ellison.html) When orientated to managing diabetes, SNS can facilitate real-time, synchronous communication and the feedback of blood glucose and other physiological data between patients and healthcare professionals. Furthermore, it can assist in providing online education, peer support, and decision advice[12] within diabetic communities in a digital environment. 

Results from previous systematic reviews assessing Internet and telephone use for diabetes control are conflicting. Two reviews (published in 2005 and 2010) evaluated the use of telemedicine to monitor blood glucose, with the main intervention being the use of modems and telephone lines to transmit data [13, 14]. In both studies, there was insufficient evidence to suggest the telemedicine intervention improved glycaemic control. Two more recent reviews published in 2011 evaluated the use of more updated mobile or Internet tools to monitor blood glucose and concluded with an improvement in the intervention groups, suggesting patient willingness to receive alternative methods of diabetes care [15, 16]. Over the past decade there has been an expansion in the use of social networking services as well as a refinement in its definition. The objective of this study was therefore to produce an up-to-date systematic review and meta-analysis of randomised controlled trials assessing the use of social networking services via mobile and web-based tools, compared with standard care, in managing glycaemic control in patients with diabetes through the assessment of HbA1c.


Methods
                        
Search strategy
Studies published in the English language were identified by searching the following databases: MEDLINE (1946 to August 2013), EMBASE (from 1974 to August 2013), PSYCHINFO (from 1967 to August 2013). We used combinations of the search terms: "social network”, “diabetes”, “mobile phone", "cellular phone", "text message", "smart phone", SMS, web, web-based, internet, internet-based, HbA1c, A1c, "glycosylated haemoglobin", and "glycosylated hemoglobin." Reference lists of identified publications were also searched for potential studies for inclusion. A summary of our search strategy is shown in Figure 1.  

Selection criteria
Titles and abstracts were assessed and the full-text articles fulfilling the following inclusion criteria were obtained: (1) Randomized controlled trials, of parallel, cluster or crossover design, (2) Studies assessing patients with Type 1 or Type 2 diabetes, (3) Trials reporting means and standard deviations of HbA1c values of control and intervention groups at baseline and follow-up, (4) Studies defining social networking services through the utilization of interactive web-based tools or mobile technology (e.g cellular phones, PDAs and webcams), to facilitate communication or transmission of data between patients or with their healthcare providers. Adjunct use of telephone lines was acceptable providing it was not the primary intervention. 

Exclusion Criteria
Studies were excluded from this review if:  (1) They did not use HbA1c as an outcome measure; (2) they did not compare intervention with a control group; (3) they were non-randomized or were reviews, case reports, comments or editorials; (4) they included participants with gestational diabetes, and (5) they used non-wireless technology, such as telephone lines, as the primary method of exchanging information. 

Based on these criteria, two independent reviewers assessed the eligibility of studies by title and abstract review (T.T, H.A). All potentially eligible studies were retrieved in full for further evaluation. If eligible articles contained missing data, contact was made with study authors to obtain additional information. 

Data extraction and analysis
Two authors (TT, HA) independently extracted the following data from each paper using a standardised spreadsheet including: first author, source of article, year of publication, study population (Type 1 or Type 2 diabetes), age and numbers of patients, follow up period, type of intervention, duration of diabetes, body mass index (BMI), percentage educated at university or college and frequency of data transmission. Our primary outcome was glycemic control, measured by HbA1c before and after intervention. Secondary outcomes included systolic and diastolic blood pressure and lipid profiles (triglycerides, total cholesterol, HDL cholesterol, LDL cholesterol). Study designs were categorized as randomized controlled trials, randomized crossover trials or cluster randomized controlled trials.

Meta-analysis was performed in line with recommendations from the Cochrane Collaboration and in accordance with both PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines.[17] Analysis was conducted by use of Review Manager® Version 5.0 for Windows (The Cochrane Collaboration, Software Update, Oxford, UK) and STATA v.11 statistical analysis software.

Data was analysed using a random effects model. Continuous data were investigated using weighted mean difference (WMD) as the summary statistic, reported with 95% confidence intervals (CI). All included trials were published after 1997, post HbA1c-DCCT standardisation, therefore the standard mean difference (SMD) was not needed to summarise treatment effects (PMID: 23554942). The point estimate of the WMD was considered statistically significant at p < 0.05, if the 95% confidence interval did not include the value zero. Categorical variables were analysed using the odds ratio (OR). An OR of < 1 favoured the treatment group and the point estimate of the OR is considered statistically significant at the p < 0.05 level, if the 95 % confidence interval does not include the value 1.

Heterogeneity
Inter-study heterogeneity was explored using the Chi2-statistic, but the I2 value was calculated to quantify the degree of heterogeneity across trials that could not be attributable to chance alone. When I2 was more than 50%, significant statistical heterogeneity was considered to be present. 

Methodological Quality
We assessed the methodological quality of each study using the Jadad scale.  A total score ranging between 1 and 5 was given to each study, with 1 being the lowest possible score, and 5 the highest. A maximum of 2 points each was awarded for methods of randomization and blinding. An additional point was awarded if all participants were accounted for after withdrawals and dropouts. Studies scoring ≥3 were classified as high quality whilst those scoring <3 were of low quality. 

Risk of Bias Assessment
The Cochrane Collaboration’s tool was used to assess the risk of bias of included studies. Studies were rated according to five predefined categories: (1) Adequacy of sequence generation; (2) Quality of allocation concealment; (3) Quality of blinding; (4) Freedom of incomplete data and (5) Freedom of selective reporting. The risk of bias in each area was scored as high, low, or unclear. 
The quality of evidence for each important outcome was evaluated using the GRADE (Grading of Recommendations Assessment, Development and Evaluation) scale, which assesses five main areas: (1) study limitations (losses to follow up, lack of allocation concealment, lack of blinding); (2) indirectness of evidence; (3) inconsistency of results; (4) imprecision and (5) publication bias.  The quality of evidence was categorized as high, moderate, low or very low. 

Subgroup Analysis
Analyses of the effect of SNS on HbA1c were performed for the following subgroups: (i) Population: Type 1 or Type 2 diabetes; (ii) Intervention type: Internet, or a combination of both mobile phones and Internet; (iii) Quality: high or low quality, where high quality studies scored >3 on the Jadad scale. Sensitivity analysis was performed by excluding high quality studies with a Jadad score of >2.  


Results 

Search Results 

Thirty-four studies fulfilled our inclusion criteria, producing a pooled data set of 4977 patients, of whom 2550 were randomised to an SNS intervention group and 2427 to a control group. The characteristics of included studies are shown in Supplementary Table 1.

Studies were conducted in a variety of locations. 11 were published in the USA, 11 in Korea, 3 in Canada and 1 in each of the following countries: India, Israel, Turkey, France, Finland, Iran, Taiwan, Italy and the UK. Included studies were published between the years 2002 to 2013. The total number of participants in each study ranged from 30 to 1665 and intervention periods ranged from 3 months to 5 years. The mean age of participants ranged from 14.6 to 70.9 years, and BMI ranged from 21.3 to 35.95. No variables differed significantly between the control and intervention groups at baseline, except for the duration of diabetes with a significant mean difference of -0.76% (95% CI: -1.40 to -0.12, P<0.02, I2=23%) favouring the intervention group. 

Characteristics of Interventions
Several modes of delivery were used to implement the SNS interventions. 15 studies used solely web-based tools [18-30], 3 used cellular or mobile technology [31-33], and 16 used a combination of both [34-49]. 10 of these studies adopted a messaging service between the patient and provider to maintain contact and involved the use of secure email, SMS or online chat-rooms [18, 20, 23, 25, 31, 33, 43, 44, 46, 50]. 7 studies had an online educational element, delivering non-personalised information and recommendations regarding diet, exercise and adjustment of medications [18, 20, 23, 26, 31, 45, 50]. 7 studies allowed shared access of online electronic medical records between the patient and provider [20, 23, 34, 37, 43, 47, 49], whilst 5 studies provided an interface to graphically display blood glucose data [23, 34, 35, 50, 51]. Only 3 studies lacked the facility to upload blood glucose readings [21, 26, 29]. 3 studies encouraged social networking between patients via peer-support forums and live chat-rooms [21, 28, 44]. 2 interventions involved videoconferencing via the Internet with a nurse provider [27, 47] and 3 studies involved the adjunct use of telephone lines [37, 42, 51]. 

Frequency of Transmission
15 studies commented on the participants’ usage of the social networking interventions. The majority of studies resulted in data transmission at a minimum frequency of once per week. 4 studies reported the total number of interactions between patients and providers, which ranged from 432 to 1662 [19, 34, 41, 42]. 4 studies calculated the frequency of communication between patients or providers with the number of messages ranging from 8.4 to 52 per patient over the whole intervention period [19, 24, 25, 33, 49]. 4 further studies using web-based programmes reported on the number of logins at follow-up, with the highest frequency being 42.3 ± 32.3 (SD) logins per patient[20, 24, 43, 51]. 2 of these studies observed a significant decrease in the number of website logins from baseline to follow-up[43, 51]. Further details of data transmission and characteristics of the individual study interventions are provided in table 2. 

Patient Satisfaction
In general, participants were satisfied with the interventions delivered [26, 27, 30, 37, 42, 48]. Features that were particularly well received included direct communication with providers, prompt feedback of results and the ability to review data online. However, SNS may not be suitable for all diabetic patients. Several studies reported operating or technical difficulties when using SNS, resulting in higher attrition rates. Problems included the inability to transmit results wirelessly and participants reluctant to use the more complicated web-based programs [33, 35, 37, 47]. These more sophisticated interventions could be supplemented with a pre-intervention training period to increase adherence and patient willingness to use SNS [44, 47]. 

Primary Outcomes
A summary of the results of all primary outcomes is shown in Table 1.

All 34 studies reported HbA1c levels at baseline and follow up. At baseline there was no significant difference in HbA1c between the control and intervention group. At follow-up the pooled 34 trials showed a significant reduction in HbA1c favouring the intervention group, with a mean reduction of 0.46% (95% CI: -0.58 to -0.34, P<0.00001), however heterogeneity was high (I2=74%). A significant mean difference of -0.45% (95% CI: -0.60 to -0.29, P<0.00001) favouring the intervention group was observed in the change in HbA1c between baseline and follow-up, but also with significant heterogeneity (I2=81%) (Figure 2 (a)-(c)).

We conducted a repeat search strategy which included non-randomised controlled trials, resulting in a total of 41 studies with 5575 participants (2851 in the intervention group and 2724 in the control group). After performing a meta-analysis with the additional studies, we also observed a significant mean reduction in HbA1c favouring the intervention group (-0.49%, 95% CI: -0.64 to -0.34, I2=86%). The results are consistent even in non-randomised settings. 

Secondary Outcomes

A summary of the results of all secondary outcomes is shown in Table 1.

Lipids
At follow up, 10 studies with a total of 989 patients reported on triglycerides (518 in the intervention group and 471 in the control group). A significant reduction of 11.05% (95% CI: -20.92 to -1.18, P=0.03, I2=0) in those using SNS was observed. A significant mean difference of -5.74 (95% CI: -9.71 to -1.78, P=0.005, I2=53%) favouring the intervention group was also observed in levels of total cholesterol at follow up. 12 studies with 1166 participants (608 and 558 in the intervention and control group respectively) were included. The 11 studies reporting HDL-cholesterol (total of 1100 patients) showed a mean difference of 1.90 (95% CI: 0.24 to 3.57, P=0.02, I2=19%) favouring the control group. 9 studies reported LDL-cholesterol at follow up, however there was no significant effect in either control or intervention group. 

Blood Pressure
5 studies with a total of 2580 patients (1317 in the intervention group and 1263 in the control group), reported on systolic and diastolic blood pressure at follow-up. There was a significant mean difference in systolic blood pressure (-3.47mmHg, 95% CI: -5.01 to -1.94, P<0.00001, I2=0%) and diastolic blood pressure (-1.84mmHg, 95% CI: -2.98 to -0.70, P=0.002, I2=29%) favouring the intervention groups. 

Subgroup Analyses
Subgroup analysis was performed in order to determine the effects of the following demographic and intervention variables on change in HbA1c: Diabetes type (Type 1 or 2), Intervention type (mobile/internet) (Table 2). Among 7 studies including only patients with Type 1 diabetes, there was no significant reduction in HbA1c. In comparison, there was a significantly larger effect size in Type 2 diabetic patients from 21 studies, with an improvement in HbA1c of 0.55% (95% CI: -0.68 to -0.42, p<0.00001, I2=64%). Subgroup analysis among 14 low quality studies (Jadad score of <3) showed a greater improvement in HbA1c compared to the pooled results from 20 high quality studies (-0.50%, 95% CI: -0.69 to -0.31, p<0.00001, I2=62% vs. -0.43%, 95% CI: -0.59 to -0.26, p<0.00001, I2=79%). Further subgroup analysis was performed among studies using the Internet only and studies using mobiles and Internet combined. The pooled reduction in HbA1c in the intervention group from 16 studies combining the use of mobile and Internet (-0.54, 95% CI: -0.72 to -0.37, P<0.00001, I2=71%) was marginally greater compared to the reduction in 15 studies using Internet only (-0.51, 95% CI: -0.68 to -0.34, P<0.00001, I2=82%). 

Sensitivity Analyses

Methodological quality of studies
According to the Jadad scale 20 studies were categorized as high quality (scores ranging from 3-5) and 14 as low quality (scores of 2 or less). Due to the nature of the interventions, the blinding of providers or participants was not feasible in any study. Only 6 studies reported the blinding of data collectors [27, 35, 37, 44, 46, 47]. As a result, no study met all the assessment criteria and the highest possible Jadad score given was 4 [35, 37, 46]. 



Sensitivity analysis of high quality studies with a Jadad score > xx

Sensitivity analysis of studies with a Jadad score of less than 2 still showed a significant pooled reduction in HbA1c of -0.48% (95% CI: -0.73 to -0.23, P=0.0001, I2=4%). The results of sensitivity analysis are shown in Table 2.

Risk of Bias
The Cochrane Collaboration’s tool was used to assess risk of bias in the included trials (Figure 3). Although all trials were randomised and therefore at a lower risk of bias, only 11 studies clearly described the sequence generation process [18, 22, 23, 25, 31, 35, 39, 40, 46, 49, 50]. Risk of bias due to poor allocation concealment was unclear in all but 6 studies [18, 20, 21, 37, 47, 50]. 6 studies reported the blinding of data collectors [27, 35, 37, 44, 46, 47], however, the blinding of patients or providers was not mentioned in any study using SNS. 16 studies were free of incomplete outcome data [18-20, 22, 24, 25, 27, 30-33, 40, 44, 47, 50, 51].There was a high risk of bias due to incomplete outcome data in 1 study, which analysed data using an as-treated approach [21]. Risk of bias in this domain was unclear in the remaining 17 studies due to the insufficient reporting of attrition rates. 26 trials were free of selective outcome reporting, 6 did not adequately report all primary outcomes [18, 25, 31, 33, 48, 50] and it was unclear if all outcomes were reported in 2 studies [19, 29]. 

Funnel plot assessment was used to evaluate publication bias for all primary and secondary outcomes. Further statistical analysis was performed using Egger’s test to reveal any significant small study effects. Eggers Test revealed significant small study effects for the following secondary outcomes: Baseline total cholesterol (Co-efficient of Bias 0.511, SE 0.096, t 5.8; P>|t| <0.0001; 95% CI [0.303, 0.719]) and post-operative HDL (Co-efficient of Bias 2.125, SE 0.610, t 3.48; P>|t| 0.010; 95% CI [0.683, 3.566]). Exploration of funnel plots demonstrated the studies by McKay and Yoon to be significant outliers for the baseline cholesterol and post-operative HDL outcomes respectively (Figure 4).  However, repeat analysis of all RCTs excluding these studies did not reveal any change in effect significance for either outcome. Analysis of all other outcomes did not reveal funnel plot asymmetry.


Discussion

This systematic review included 34 randomised controlled trials evaluating the use of online social networking services, to assess the improvement of HbA1c as a measure of glycaemic control in patients with Type 1 or Type 2 diabetes. Social networking services are founded upon three main principals; 1) they are web-based applications 2) they allow users to construct a public or semi-public online profile and 3) they facilitate communication and information exchange between individuals or communities through online connections. These social networks are initiated and maintained in online spaces via the Internet and increasingly through the use of mobile phones. 

Our pooled results indicate that SNS significantly reduces levels of HbA1c by 0.46%. However, this should be interpreted with caution due to the presence of significant heterogeneity (I2 =74%). Sensitivity analysis of high quality studies confirmed these results by revealing an HbA1c decrease of 0.43% (95%CI ). In addition to a reduction in HbA1c, we found SNS to be associated with significant improvements in blood pressure, total cholesterol and triglycerides. Our analysis also suggests that SNS has a significantly greater effect among Type 2 diabetes patients compared to Type 1 patients. 

HbA1c (glycosylated haemoglobin) is a biological marker used in the diagnosis and monitoring of diabetes mellitus, which correlates with the mean glucose concentration of plasma and is dependent of exposure to glucose and the half-life of the erythrocyte [8]. HbA1c thus gives an estimate of the average blood glucose control over the preceding 2-3 months and is now accepted as a validated measure of diabetes management [6, 52]. Despite observing an overall improvement in HbA1c, validation of the efficacy of a 0.46% decline is needed, as well as investigations as to whether this reduction translates to diabetic outcomes. In comparison one recent meta-analysis of the new generation anti-obesity drug Lorcaserin revealed a comparable HbA1c decrease of 0.4%[53] whereas a meta-analysis of the new class of anti-diabetic bile acid sequestrant Colesevelam demonstrated an HbA1c decrease of 0.5%[54].

The use of online social networking services (SNS) in society has increased at a remarkable rate in the last decade, with the percentage of American adults using SNS rising from 8% in 2005 to 67% by the end of 2012 [55]. There are now over 1.2 billion users of social media and networking sites, representing 82% of the world’s online population [56]. This global phenomenon has increased the connectivity of individuals and radically transformed the way we communicate [57], particularly in healthcare, as a result of the unification of providers and patient micro-communities in digital landscapes. Healthcare management has conventionally relied upon face-to-face interpersonal communication in the clinical setting, however, although in its infancy, the clinical adoption of SNS has introduced alternate modes of interaction. Patients now have the opportunity to network with an online community of physicians and patients with similar conditions, seeking to share information and receive support [58]. This is evident in a previous study evaluating the content posted by members of diabetic community on the social networking platform Facebook®, where patients were able to share past experiences and receive disease-management advice from others [59]. Furthermore, SNS is proving to be a powerful tool for field experts and organisations to disseminate and broadcast medical information [60]. The studies included in this review demonstrate the increasing potential for SNS in diabetes care and present novel ways of expanding the use of SNS to include direct communication with physicians, real-time personalised feedback and online access to personal results. 

Diabetes management typically requires modifications to lifestyle patterns through diet, pharmacotherapy and metabolic surgery[61], however, maintaining these changes are often difficult.  Potential mechanisms of action of social networking services on beneficial diabetes outcomes include the provision of social support to encourage anti-diabetic actions, access to a social network for group encouragement, a favourable communication medium for generation X and Y individuals, and in particular, the reinforcement of behavioural therapeutic strategies to improve glycaemic index. These behavioural therapies characteristically involve applying psychological principles to empower patients to make and sustain necessary lifestyle adaptations[62]. As a result, SNS ‘shifts the locus of control to the patient,’ enabling increased patient-centeredness and a richer engagement in their own management of diabetes and glycaemic control [63]. The results of our subgroup analysis demonstrate that patients with Type 2 diabetes were particularly responsive to using SNS whereas participants with Type 1 diabetes showed no significant reduction in HbA1c. A possible explanation for this significant disparity is that SNS is particularly suited to targeting the modifiable lifestyle risk factors, such as obesity and physical inactivity, which predominantly contribute to the incidence of Type 2 diabetes [64], whereas Type 1 diabetic patients suffer from an inherent lack of pancreatic insulin production. 

Our results also reveal a significant improvement in HbA1c in studies using internet only interventions (data -0.51)) or mobile and internet interventions (data -0.54)). Whereas mobile only interventions did not significantly reduce HbA1c levels (-0.2). This may reflect some of the communicative mechanisms through which diabetes control can be achieved through on-line or combined on-line/mobile platforms, as opposed to stand alone mobile platforms in disease management. This therefore requires further research studies to clarify the relative therapeutic benefits of these modalities. 

An advantage of SNS in diabetes care is its versatility, enabling providers to offer a plethora of services on a diverse range of platforms including cellular phones, PDAs and internet-based programmes. These devices are often interlinked, and our results demonstrate a slight benefit to combining both mobile and Internet technology. The participatory nature of SNS also assists in the delivery of educational outcomes as well as the facilitation of online supportive relationships, which subsequently promote a sense of belonging and self-esteem in users (benefits of social networking). As a consequence of Internet access and mobile technology becoming nearly ubiquitous worldwide, SNS allows populations even in remote areas to receive healthcare and communicate with physicians at a distance [9]Darzi ref lancet. The variety of countries throughout which these studies were carried out also reflects the global applicability of SNS. 

However, negative aspects of SNS in healthcare have also been identified and must be considered when determining its role in diabetes management. Due to its wide-reaching nature, providers must remain vigilant in maintaining confidentiality as well as online professionalism when communicating with patients [65]. The distribution of unreliable or incorrect information, especially in forums and online chat-rooms must also be monitored [66]. These obstacles may explain why surprisingly, no study in our review exploited the already established, but less private and secure, social networking giants such as ‘Facebook®’, or ’Twitter’ as a mode of communication and transmitting personal data. Future research could determine whether these more widespread, popular methods of communication could be utilised in a more secure and equally effective way to aid glycaemic control. Other disadvantages include a lack of willingness to comply with newer, more complicated SNS technologies, especially if frequent technological and operating failures are reported [33, 47]. 

Traditionally policy makers have focused on ‘cybercitizenship', a concept originally associated with online safety and risk-management, although it has now expanded to include the notion of how users engage and express themselves in digital environments. Social networking services (SNS) policy today is also predominantly aimed at controlling and governing the use of SNS, however, increasing support is necessary to harness its potential to foster health benefits in online patient micro-communities. The growing support of SNS from governmental and non-governmental organisations is is increasingly recognised where there is evidence for the adoption of SNS in connection with mental illnesses. This signifies the opportunity in future policy to implement SNS in other domains of healthcare, such as diabetes care (benefits of social networking). Considerations about cost, quality, safety and the scalability and sustainability of SNS are also necessary for policy makers to decide whether the implementation of SNS in diabetes care is expedient [67]. However, the scarcity of investigations into the cost of SNS is reflected by the fact only one study reported the cost of the intervention per patient ($8 over the whole period) [33]. The lack of robust evidence on the cost-effectiveness of SNS in diabetes care leads to a requirement to assess economic viability. We predict that as SNS becomes more globally available (darzi lancet ref) the demand curve can favourably decrease the cost of these technological interventions so that they may become increasingly economically effective.

SNS may also have a role in targeting other diabetes-related comorbidities. Our meta-analysis showed a significant reduction of 3.47 mmHg and 1.84 mmHg in participants using SNS for systolic and diastolic blood pressure respectively. Hypertension is a common comorbidity of diabetes as well as a component of metabolic syndrome. It is estimated that approximately 20-25% of adult Americans suffer from metabolic syndrome, as characterized by a cluster of risk factors including impaired glucose regulation, elevated levels of triglycerides, decreased levels of HDL-cholesterol, hypertension and obesity[68]. In addition to the potential of SNS to improve blood pressure, our results showed a significant improvement in levels of triglycerides and total cholesterol. However, there may be confounding factors as to why SNS had no significant improvement in LDL and HDL-cholesterol. The generally small study sizes and limited number of trials reporting on these outcomes is likely to be accountable for this and these outcomes require further investigation in future work.












	Advantages
	Disadvantages

	Size of the potential audience due to the ubiquity of mobile and Internet software 

	Risk of breaching confidentiality through less private and secure mediums


	The versatility of SNS, demonstrated by its accessibility on a range of platforms including websites, mobile phones and PDAs

	Circulation of inaccurate information in online forums and chat rooms


	An effective medium to deliver behavioural therapeutic strategies to improve glycaemic index 

	Potential for loss of online professionalism between patients and providers


	A participatory nature where patients and providers benefit from real-time, synchronous communication, facilitating the rapid exchange of information and data in online spaces

	Technical or operating issues in connection with wireless devices


	Communication can be achieved remotely, allowing interactions to occur anytime and anywhere

	Reluctance to deviate from traditional face-to-face interactions in a clinical setting


	The opportunity to provide social support in online diabetic patient networks

	

	The ability to deliver educational modules in a digital environment

	

	Potential to target other diabetes related co-morbidities, particularly metabolic syndrome.  
	














Strengths and Limitations 
This is the first meta-analysis to have defined social networking services as a single concept in the context of diabetes care. In statistically appraising pooled data from 34 randomised controlled trials, this review is the largest and most robust within the current literature. However, our review also has a number of limitations that should be considered when interpreting the results presented here. Firstly, significant heterogeneity within our results may be attributable to a range of possible confounding factors. In addition to an assortment of sample sizes and follow-up periods, variation in study design resulted in differing cohorts and patient demographics, as well as differences in randomisation procedures. Despite this, our results remain robust following subgroup and sensitivity analyses. 

When assessing methodological quality, we also note that the blinding of healthcare providers was not feasible in any study, contributing to a potential source of performance bias. For example, physicians may provide more motivation and encouragement to participants using SNS in the intervention groups. This resulted in lowering the quality score assigned to most studies. The 4 lowest scoring studies included 3 conference abstracts, which were given a score of 1 due to the limited information available. However, the actual quality of these studies may be higher than perceived. Other key methodological flaws included the failure to adequately report the process of allocation concealment and sequence generation. Only two studies fulfilled the criteria for both these domains [18, 50]. Another limitation was a significant mean difference in duration of diabetes favouring the intervention group at baseline, suggesting confounding and selection bias. However, after conducting subgroup analysis of both high and low quality studies, it was found that this significant difference at baseline was only present among low quality studies (-1.35%, 95% CI: -2.16 to -0.54, p=0.001, I2=0%). 

Conclusion
[bookmark: _GoBack]In summary, we demonstrate that the use of online social networking services can improve HbA1c control in diabetic patients. SNS offers a novel, feasible approach to improving glycaemic control in comparison with standard medical management. In addition, significant reductions in blood pressure, triglycerides and total cholesterol suggest the potential use of SNS to target the monitoring and treatment of metabolic syndrome. From a global public health perspective, our results also indicate that SNS may be more efficient when orientated towards patients with Type 2 diabetes rather than Type 1 disease. However, larger randomised controlled trials in addition to mechanistic and cost-effectiveness studies are needed to further our understanding of SNS and its efficacy in diabetes care. 
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Table 1: Overall results from analysis of primary and secondary outcomes 

	Outcome
	N
	Overall effect
	Heterogeneity

	
	Studies
	Control
	Intervention
	Mean Difference
	95% CI
	p
	Chi2
	p
	I2

	(a) Primary Outcomes

	HbA1c
	34
	2427
	2550
	-0.46
	-0.58, -0.34
	<0.00001
	124.67
	<0.00001
	74

	Change in HbA1c
	34
	2427
	2550
	-0.45
	-0.60, -0.29
	<0.00001
	169.88
	<0.00001
	81

	(b) Secondary Outcomes

	Systolic Blood Pressure(mmHg)
	5
	1263
	1317
	-3.47
	-5.01, -1.94
	<0.00001
	1.88
	0.76
	0

	Diastolic Blood Pressure(mmHg)
	5
	1263
	1317
	-1.84
	-2.98, -0.70
	0.002
	5.61
	0.23
	29

	Triglyceride(mg/dL)
	10
	471
	518
	-11.05
	-20.92, -1.18
	0.03
	8.73
	0.46
	0

	Total Cholesterol(mg/dL)
	12
	558
	608
	-5.74
	-9.71, -1.78
	0.005
	23.57
	0.01
	53

	HDL(mg/dL)
	11
	1.90
	525
	575
	0.24, 3.57
	0.02
	12.42
	0.26
	19

	LDL(mg/dL)
	9
	1373
	1446
	-1.15
	-5.19, 2.88
	0.58
	15.06
	0.06
	47




	Outcome
	N
	Overall effect
	Heterogeneity

	
	Studies
	Control
	Intervention
	Mean difference
	95% CI

	p
	Chi2
	p
	I2

	Type 1 diabetes
	7
	236
	262
	-0.12
	-0.32, 0.08
	0.26
	5.31
	0.51
	0

	Type 2 diabetes
	21
	1181
	1229
	-0.55
	-0.68, -0.42
	<0.00001
	55.69
	<0.0001
	64

	Type 1 and Type 2 diabetes
	6
	1010
	1059
	-0.44
	-0.82, -0.05
	0.03
	18.41
	0.002
	73

	Internet only interventions
	15
	667
	716
	-0.51
	-0.68, -0.34
	<0.00001
	75.52
	<0.00001
	82

	Mobile only interventions
	3
	177
	194
	-0.20
	-0.43, 0.03
	0.09
	1.47
	0.48
	0

	Mobile and Internet
	16
	1676
	1727
	-0.54
	-0.72, -0.37
	<0.00001
	51.36
	<0.00001
	71

	High quality studies
	20
	1863
	1940
	-0.43
	-0.59, -0.26
	<0.00001
	89.58
	<0.00001
	79

	Low quality studies
	14
	564
	610
	-0.50
	-0.69, -0.31
	<0.00001
	34.10
	0.001
	62


Table 2: Results from subgroup and sensitivity analysis



Figure 1: Search Strategy
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Figure 2: Forrest plots demonstrating the effect of social networking services on HbA1c: (a) at baseline; (b) post-intervention; (c) change in HbA1c
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Figure 3: Risk of Bias Analysis: (a) Risk of Bias Summary, (b) Risk of Bias Graph
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Figure 4: Funnel plots demonstrating asymmetry with subsequent statistically significant small study effects for (a) Baseline total cholesterol and (b) Post-intervention HDL outcomes
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Ralston 7.3 103 39 8.1 1.39 35 2.5% -0.80 [-1.36, -0.24] —
Rossi 7.8 0.8 67 7.9 1.1 63 3.9% -0.10[-0.43,0.23]) -
Shea 7.05 117 844 7.34 154 821 5.3% -0.29 [-0.42, -0.16) el
Shetty 8.8 1.3 78 8.9 1.7 66 2.8% -0.10 (-0.60, 0.40) —t
Tildesley 7.6 0.74 24 8.4 14 23 2.1% -0.80 [-1.44, -0.16]) —_—
Tjam 6.5 1 37 6.8 1 20 2.6% -0.30(-0.84, 0.24) T
Yoo 7.1 0.8 57 7.6 1 54 3.9% -0.50 [-0.84, -0.16] —_
Yoon 6.77 0.77 25 8.4 1.04 26 2.8% -1.63(-2.13, -1.13) =
Total (95% CI) 2550 2427 100.0% -0.46 [-0.58, -0.34] ¢

— % b6 {3

Heterogeneity: Tau® = 0.07; Chi* = 124.67, df = 33 (P < 0.00001); I* = 74%
Test for overall effect: Z = 7.54 (P < 0.00001)

(c¢) Change in HbA1
Study or Subgroup Mean
Avdal -0.512
Benhamou -0.13
Cho 2006 -1
Cho 2011 -0.5
Farmer -0.6
Glasgow 0.02
Harno -0.5
Holbrook -0.2
Izgierdo -0.9
Kim -0.59
Kim H.S 2008 -1.15
Kim H.S. 2007 -1.09
Kim. C -2.4
Kumar 0.1
Kwon -0.65
Landau 0
Lapp 0.2
Lim. s -0.4
Liu -1.65
McCarrier -0.37
McKay -0.18
McMahon -1.5
Moatarri -2.03
Mulvaney 2010 0
Noh J.H -15
Quinn -2
Ralston -0.9
Rossi -0.4
Shea -0.31
Shetty -0.1
Tildesley -1.2
Tjam -0.2
Yoo -0.5
Yoon -1.32

Total (95% CI)

c

Intervention

SD
1.21260422
0.87783825
1.74928557
1.20415946
1.78044938
0.13453624
0.17029386
1.84390889
3.04138126
1.59665275
2.00997512
2.42074369
1.47648231
1.55563492
1.43589693
1.97989899
2.12132034
1.64012195
3.10821492
1.78044938
1.86034943
1.97230829
1.75504986
2.61725047
2.33452351
2.70185122
1.53639188
1.13137085
1.88661072
1.83847763
1.49586096
1.41421356
1.20415946
1.88448932

Total Mean
61 0.048
15 0.12
36 -0.1
32 -0.2
47 -0.4

120 -0.12
101 -0.38
253 0.2
19 -1
28 0.43
25 0.07
18 0
47 -2
19 -0.1
51 0.43
36 0.2
22 -0.2
49 -0.1
134 -0.92
41 0.11
33 017
52 -13
24 -0.6
34 0.3
20 -0.5
62 -0.7
39 0.2
67 -0.5
844 -0.06
78 -0.2
24 -0.1
37 0
57 0.2
25 0.81
2550

Favours intervention Favours control

Control Mean Difference Mean Difference
SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI

1.51775426 61 4.1% -0.56 [-1.05, -0.07]
0.98351411 15 3.0% -0.25(-0.92, 0.42]
1.33416641 35 2.7% -0.90 [-1.62, -0.18]
1.48660688 32 3.0% -0.30(-0.96, 0.36]
2.05182845 46 2.5% -0.20(-0.98, 0.58]
0.21260292 114 7.1% 0.14 (0.09, 0.19] -
0.26907248 74 7.1% -0.12 [-0.19, -0.05] b

2.2627417 258 5.1% -0.40 [-0.76, -0.04] =
2.06155281 18 0.8%  0.10[-1.57,1.77) —_—t
2.42538657 23 1.4% -1.02 (-2.17,0.13)
1.41992958 26 1.9% -1.22 [-2.18, -0.26)
0.86023253 16 1.3% -1.09 (-2.29,0.11)
1.44222051 45 3.4% -0.40(-1.00, 0.20] T
1.14017542 21 2.2%  0.20 (-0.65, 1.05] —r
1.17720007 50 4.0% -1.08 [-1.59, -0.57] —_—
1.55563492 34 2.3% -0.20(-1.03, 0.63] T
2.69072481 24 1.0% 0.40 (-0.99, 1.79]
1.28062485 48 3.5% -0.30(-0.88, 0.28] — T
2.71576877 140 2.9% -0.73 [-1.42, -0.04]
1.98494332 36 2.2% -0.48[-1.33,0.37) N
2.01734975 33 1.9% -0.35(-1.29, 0.59] — T

17 52 2.8% -0.20(-0.91,0.51]

2.2100905 24 1.5% -1.43 [-2.56, -0.30]

1.7691806 18 1.3% -0.30[-1.50, 0.90]
1.23693169 20 1.4% -1.00 [-2.16, 0.16) —_—T
2.47588368 56 1.9% -1.30(-2.23, -0.37)
1.53873324 35 2.8% -1.10 (-1.80, -0.40)
1.30384048 63 4.6%  0.10 [-0.32,0.52) T

2.2207206 821 6.4% -0.25 [-0.45, -0.05] -
2.20227156 66 3.0% 0.10(-0.57,0.77]
1.84390889 23 1.9% -1.10 (-2.06, -0.14)
1.41421356 20 2.5% -0.20(-0.97,0.57] T

1.3453624 54 4.2% -0.70 [-1.18, -0.22] —_—
1.50655236 26 1.9% -2.13 [-3.07, -1.19] &—

2427 100.0% -0.45 [-0.60, -0.29] *
S 6 1 3

Heterogeneity: Tau® = 0.08; Chi* = 169.88, df = 33 (P < 0.00001); I’ = 81%
Test for overall effect: Z = 5.74 (P < 0.00001)

Favours intervention Favours control
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(a) Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Intention to Treat

Other bias

(b) Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages across all included studies.
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