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Although carbohydrate restriction is not a new approach for the management of Type 2 diabetes, interest in its safety and efficacy has increased significantly in recent years. The purpose of the current narrative review is to summarise the key relevant research and practical considerations in this area, as well as to explore some of the common concerns expressed in relation to the use of such approaches. There is a strong physiological rationale supporting the role of carbohydrate restriction for the management of Type 2 diabetes, and available evidence suggests that low carbohydrate dietary approaches (LCDs) are as effective as, or superior to, other dietary approaches for its management. Importantly, LCDs appear to be more effective than other dietary approaches for facilitating a reduction in the requirement for certain medications, which leads to their effects on other health markers being underestimated. LCDs have also been demonstrated to be an effective method for achieving remission of Type 2 diabetes for some people. The available evidence does not support concerns that LCDs increase the risk of cardiovascular disease, that such approaches increase the risk of nutrient deficiencies, or that they are more difficult to adhere to than other dietary approaches. A growing number of organisations support the use of LCDs as a suitable choice for individuals with Type 2 diabetes.
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INTRODUCTION

The use of low carbohydrate dietary approaches (LCDs) in people with Type 2 diabetes is not new, but standard care around much of the world has focused on the use of a low fat, calorie controlled diet—in line with that usually recommended for the general population—for much of the last few decades. Recently however, LCDs have gained in popularity again. As a result, interest in their safety, efficacy and effectiveness has increased. Despite such diets being used by an increasing number of people with Type 2 diabetes, the use of carbohydrate restriction in this population is still not without controversy. In fact, commentary on this approach has often been hostile, with much of the criticism being inappropriate and failing to objectively consider the available evidence. The purpose of the current narrative review is therefore to consider the existing body of research, and to explore common concerns and practical considerations associated with the use of this approach. The review and its recommendations are aimed at both clinicians, to help guide decision making, and researchers within this area, to summarise the existing evidence and help guide future research directions.



WHAT ARE LOW CARBOHYDRATE DIETARY APPROACHES?

Although there is no universally agreed definition of what constitutes a LCD, the most commonly used definitions are those outlined in Figure 1, consistent with those proposed by Feinman et al. (1).
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FIGURE 1. Suggested definitions for low and very low carbohydrate dietary approaches.


It can be argued that the definition of any diet is somewhat subjective, and often ambiguous. It is therefore important that, where there is any uncertainty, the definitions used to consider the impact of any given diet is based on those applied by people who work with that approach in the field. This is true of the definitions of LCD used here, which come from specialists in the field and are well-represented within the references used in their review (1). These definitions will therefore be applied throughout the current review.

It is important that the appraisal of available evidence considers these definitions appropriately. It is common for research, both in the form of trials and observational studies, to use terminology such as “low carbohydrate diet scores” or to refer to “low carbohydrate diet patterns” when the carbohydrate intake of individuals within the study far exceeds the thresholds stated here. This is inappropriate and misleading, and such studies should not be used to draw conclusions regarding the safety and efficacy of LCDs.



PHYSIOLOGICAL RATIONALE FOR, AND POSSIBLE BENEFITS OF, CARBOHYDRATE RESTRICTION

There are a number of routes through which LCDs may be beneficial for people with Type 2 diabetes; the most significant of which are introduced below, and are summarised in Figure 2. These are not all necessarily exclusive to LCDs, but nevertheless are means by which dietary approaches of this nature may be effective. Possible mechanisms and effects include:

• Improved blood glucose control (and possible remission of Type 2 diabetes)—Most people with Type 2 diabetes have a reduced ability to remove carbohydrate from their blood efficiently, as a result of insulin resistance (2, 3). They also often have an impaired ability to moderate the delivery of new glucose into the blood, as the body is less able to control gluconeogenesis (4). The absence of the first phase insulin response, a pathology that is typical of Type 2 diabetes (5, 6), further exacerbates this latter issue, because this impairs the body's ability to prevent glucose being released from the liver when glucose is entering the circulation from dietary sources (7). Reducing the intake of dietary carbohydrate, the nutrient that has the biggest impact on glycaemic control (8), can mitigate for these issues, leading to rapid improvements in blood glucose control even before any reduction in body weight is seen (9). That carbohydrate restriction is the most effective method for lowering blood glucose levels should not be considered controversial, and is supported by a recent American Diabetes Association (ADA) position statement which asserted that “Reducing overall carbohydrate intake for individuals with diabetes has demonstrated the most evidence for improving glycaemia” (10). The acute effect of LCDs on blood glucose levels is further demonstrated by the fact glucose lowering agents need to be reduced at the onset of a LCD (11). In addition to the acute effects on blood glucose control, LCDs may also help to address some of the underlying causative factors, as outlined below. Linked to these benefits, there is evidence that some people may be able to put their Type 2 diabetes into remission through following a LCD (12). This is discussed in more detail later in the review.

• Improved weight management—Although some of the benefits of LCDs may be independent of weight loss (13, 14), many of the possible positive effects are likely influenced or caused by a reduction in body fat (15). There are a number of mechanisms through which LCDs may improve weight management, the most important of which is perhaps the commonly seen reduction in ad libitum energy intake in individuals following the adoption of a LCD (16–19). Supporting the presence of this effect, some studies comparing dietary approaches allow ad libitum energy intake in LCD groups whilst imposing an explicit calorie restriction on the control groups [e.g., (20–24)]. Reduced hunger, the likely mechanism explaining these observations, is discussed further below.

It should however be noted that a decrease in ad libitum energy intake compared to other dietary approaches is not a universal observation. For example, a recent highly controlled metabolic ward study comparing a low carbohydrate animal based diet with a low fat plant based diet observed a lower energy intake in the latter group (25). The short-term nature of this study may have played a role in these findings however, with evidence suggesting an adaptation period may be required before the true impact of carb restriction can be observed (26). It is also important to note that both of the diets were based on high quality, minimally processed foods; i.e., the diet LCD was being compared to was not necessarily indicative of a standard Western diet. Any differences between the two diets do not therefore necessarily suggest a lack of efficacy or effectiveness on either of their behalves, but rather both diets were likely health promoting in comparison to the standard eating pattern of many people.

A second potential contributor is that LCDs naturally result in a reduced intake of the types of foods that are often considered to be highly processed, or “ultra-processed.” Foods that are categorised in this way usually combine fats with carbohydrates, and contain high concentrations of salt, sugar and/or chemical preservatives or flavour enhancers. The presence of some of these ingredients, and/or the combination in which they are present in such foods, is posited to have an undesirable effect on health. The avoidance of ultra-processed foods is an inevitable outcome of following a LCD, as these products invariably contain large quantities of carbohydrates and thus would be incompatible with this way of eating. This is significant in relation to weight management, as consumption of these energy-dense, nutrient poor foods has been shown to result in increased energy intake and, consequently, weight gain (27).

A further point that is pertinent to the issue of weight management is that LCDs are effective for reducing insulin levels and insulin resistance (16, 28–31). Recent evidence suggests that an increase in insulin levels may precede obesity, rather than the converse (32). There are a number of pathways through which this may be affected. Insulin's most sensitive effect is the inhibition of lipolysis, whilst it also increases lipogenesis significantly (33). Insulin therefore shifts energy partitioning within the body toward fat storage. Insulin interacts with other regulatory factors too—including other hormones, neuronal activity and gut function—and so may influence weight management through multiple means (33). Reducing insulin levels in Type 2 diabetes, which is a hyperinsulinaemic condition (34, 35), should therefore be considered a priority (9). Further, weight gain is consistently seen in those on insulin therapy (36). The impact of insulin on weight management in this population may be even greater than in those who do not take exogenous insulin, as 50–80% of insulin produced in the pancreas is taken up by the liver cells whereas a greater proportion of injected insulin is circulated around the body, increasing the storage of fat (33). Therefore, the ability of LCDs to reduce insulin requirements in those who use exogenous insulin (11, 37, 38) can have important benefits on this front.

LCDs may also increase energy expenditure, which would contribute to improved weight management. A recent meta-analysis considered this question, and concluded that although in short-term studies (<2.5 weeks) total energy expenditure was reduced in LCDs, in longer studies there was a small but significant increase in total energy expenditure (26). This finding also highlights the importance of appraising short-term studies of LCDs carefully, as their impact may change temporally, potentially reflecting the need for individuals to be given chance to adapt to a LCD when they first begin one.

• Reduced hunger—As alluded to previously, reduced hunger is often reported in individuals who follow a LCD (39). Possible reasons for this include an increase in energy availability in the late post-prandial period (40, 41) and/or changes in hunger hormones, such as a reduction in ghrelin (42). It may also in part be due to the improvement in the quality of the foods people tend to eat when adopting this way of eating. This is not a trait that is necessarily unique to carbohydrate restriction, but, as noted above, omitting carbohydrate-rich foods naturally involves cutting out many of the highly processed products some people regularly consume (for example cakes and crisps). These foods are often energy dense and hyper-palatable, causing people to crave more of them (43, 44); an issue that is avoided when higher quality foods are consumed in preference. Adopting a LCD may also lead to an increased intake of protein, which has consistently been shown to be the macronutrient that has the greatest influence on satiety (45, 46) and has even been posited to be central in regards to the link between diet and obesity (47, 48).

In those following a VLCD, hunger may be further reduced due to the onset of nutritional ketosis (16–18, 49, 50). Supporting the significance of this effect, the influence of ketosis on appetite suppression is believed to play an important role in the efficacy of very low energy diets too (51). Nutritional ketosis should not be confused with diabetic ketoacidosis (DKA), which is a life-threatening condition caused by insulin insufficiency. DKA is mostly seen in people with Type 1 diabetes, though occasionally occurs in people with Type 2 diabetes, and requires urgent hospital treatment to address the dehydration and lowered blood pH caused by a large increase in ketone levels. However, in comparison, nutritional ketosis is a natural process that occurs when someone is utilising fat as their primary fuel source. This has not been shown to be dangerous as long as some insulin is available and blood glucose levels are not elevated (52).

• Reduced insulin resistance—Most people with Type 2 diabetes have a high degree of insulin resistance (2, 3), and there is evidence demonstrating that changes in insulin resistance can predict the onset of diabetes (53). Insulin resistance is a complex subject however, and a full exploration of the nuance of this topic is beyond the scope of the current review. This section will therefore focus on the potential therapeutic benefits of LCDs for addressing pathological insulin resistance broadly, without considering the intricacies of this. It is however noteworthy that physiological (i.e., non-pathological) insulin resistance may also occur in response to a LCD as an adaptive response to prevent hypoglycaemia, and may even be site specific to allow glucose dependent cells (such as those in the brain or kidneys for example) priority usage of available glucose. More research is required in this area.

The primary means through which pathological insulin resistance can be addressed appears to be through fat loss, particularly from the central organs (54), which can be facilitated by a LCD. Fat loss from the liver, discussed subsequently, reduces its resistance to insulin (54); leading to a reduction in gluconeogenesis (7) and important benefits for overall blood glucose control. A second pathway through which a LCD may help to address pathological insulin resistance is through reducing the body's exposure to insulin (55–57); thus this dietary approach can help to address this key issue through multiple means.

• Although Type 2 diabetes is often considered to be a condition of insulin resistance, an alternative interpretation of the available data is that it is the high insulin levels themselves (i.e., hyperinsulinaemia) that are the primary issue (58). Regardless of the underlying pathology, the ability of a LCD to reduce insulin levels, and thus exposure to insulin, is likely beneficial.

• Reduced hepatic fat storage—Elevated fat storage in the liver is a key driver of Type 2 diabetes (59), with hyperinsulinaemia and excess energy intake thought to be causative in the development of hepatic fat accumulation (60, 61). Although weight loss can be effective for reducing liver fat content, there is evidence that the benefits of LCDs on this front may be, at least in part, independent of this (62–65); and that greater improvements may be achieved through carbohydrate restriction than through calorie restriction alone (61, 66). Research has also shown that improvements in response to LCDs can occur rapidly (67). Overconsumption of carbohydrate, when compared to other nutrients, may be especially detrimental to the liver (60, 61), with excess being converted to fat through de novo lipogenesis (68). Further still, sugary carbohydrates may be particularly harmful because the majority of fructose that enters the body has to be processed within the liver before it can be stored or utilised by other cells (69). Based on this, the ability of LCDs to reduce liver fat is perhaps not surprising as they can address both of the primary mechanisms of hepatic fat accumulation; i.e., elevated insulin levels and excess energy intake (particularly from carbohydrates).

• Reduced pancreatic fat storage—A reduction in hepatic fat also helps to facilitate a reduction of fat in the pancreas. Triglyceride rich lipoproteins expelled from the liver have a direct impact on the pancreas, as outlined in Professor Roy Taylor's twin-cycle hypothesis (59), supported by recent findings from the Diabetes Remission Clinical Trial (DiRECT) (70). A reduction in hepatic fat therefore reduces the downstream influence on the pancreas, increasing the ability of the body to reduce pancreatic fat storage. Reduced pancreatic fat is a key outcome in relation to blood glucose control, as it enables the specialised function of the beta-cells to return for many individuals (71). It is worth noting however that these specialist functions, such as stimulating the first phase insulin response, may be less important in individuals who have reduced their carbohydrate intake; as the inability of the body to effectively deal with dietary carbohydrates is not as relevant to blood glucose control if there is less dietary carbohydrate to be processed within the body.

• Allowing the pancreatic beta-cells to rest—Lowering dietary carbohydrate intake reduces the need to shuttle glucose into the cells, thus there is a decreased requirement for insulin. As a result, the workload of the pancreas (for this function at least) is not as high when an individual adopts a LCD. This period of rest may contribute to the return of beta-cell function (63, 72), though further research is required to confirm this.

• Reduced glucotoxicity—Insulin production and secretion are negatively affected by glucotoxicity (72, 73), when supraphysiological exposure to glucose over an extended time period causes beta-cell damage (74). Reducing the exposure of the beta-cells to glucose by limiting the intake of dietary carbohydrate may therefore be beneficial (63).

• Improved blood pressure—Weight loss is one means through which a LCD may help to reduce blood pressure, though a recent paper assessing the impact of carbohydrate restriction concluded that weight loss alone would could not explain the drop in blood pressure that was observed (75). It is possible that a reduction in insulin levels may play a role in this (75), because insulin causes sodium to be retained in the body (76, 77) which can lead to an increase in blood pressure (78). A LCD also typically results in a reduced intake of highly processed foods, which tend to have a high salt content. As a result, LCDs often lead to both a reduced intake and a reduced retention of sodium; and it can even be necessary for individuals following this approach to add salt to their food to prevent sodium levels, and blood pressure, dropping too low (79, 80). As with glucose lowering medications, hypertensive medications should be adjusted at the onset of a LCD (79, 80). This further supports the assertion that LCDs can reduce blood pressure rapidly and, at least in part, independent of weight loss.

• Reduced triglyceride levels—LCDs consistently lead to a reduction in triglyceride levels (81), an effect that is likely linked to the ability of this approach to reduce hepatic fat. This is because when hepatic fat is elevated excess triglycerides are shunted into the blood (1). Reducing triglyceride levels can lead to additional benefits, as the amount of triglyceride in the blood has an impact on the size, structure and number of circulating lipoproteins (81). Improvements in these markers result in an overall reduction in cardiovascular disease risk (82), something that is explored further later in the review.
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FIGURE 2. Possible benefits of carbohydrate restriction for people with Type 2 diabetes.




EXISTING EVIDENCE


Limitations in the Body of Research

Before discussing the findings of relevant research in relation to LCDs and Type 2 diabetes further, it is important to consider the limitations of such studies and reviews. This provides important context for the evaluation of the available evidence, particularly as there are a number of limitations commonly seen in work in this field. Consistent issues include:

• the grouping of papers based on target dietary intake rather than actual dietary intake, thus studies are often presented as assessments of low or very low carbohydrate diets despite actual carbohydrate intake exceeding stated thresholds. Demonstrating this, there is as little as 8 g difference in the mean reported carbohydrate consumption of the “high” and “low” carbohydrate groups in some studies (83). Further, in one identified study the carbohydrate intake was actually lower in the control group than the low carbohydrate group at certain time points (84).

• failure to consider the quality of the foods consumed as part of the intervention and/or control diets.

• failure to consider the possible influence of other differences between diets. Differences in protein intake in particular may impact the outcomes of studies in this area, with previous research demonstrating an influence of protein intake on blood glucose control (85–87); whilst differences in meal patterns or eating frequency may also have an effect (88, 89).

• a failure to measure or consider the pre-study dietary intake of the participants, and/or differences between studies in relation to other baseline characteristics (such as duration of diabetes, baseline HbA1c, or insulin sensitivity).

• differences in the level of support provided to the intervention and control arms (i.e., intervention intensity).

• the dietary interventions in some studies are designed to provide an equal amount of energy (calories) in both the LCD and control groups. This precludes any difference being observed as a result of changes in ad libitum food intake. Further, differing instructions on this front between groups within studies (for example, where one group is instructed to consume food ad libitum whilst the other is provided with a strict caloric target) may further influence the outcomes, independently of the influence of the different eating patterns themselves. The possibility that caloric matching, or lack thereof, may modify outcomes was however assessed in a recent meta-analysis, with the authors concluding that there was no evidence that this was the case (90). They did however acknowledge that measurement error in assessment of dietary intake limits the ability to assess this fully, particularly as blinding to dietary allocation is not usually feasible.

• the methods of tracking and/or assessing the diets of the participants are often flawed, an issue that is largely unavoidable but provides a limitation for much of the body of nutrition research. The limitations of dietary assessment methods such as food frequency questionnaires and 24 h dietary recall are well-known, whilst more robust methods such as weighing foods and completing food diaries are still not without flaws and are often not adhered to.

• For logistical and financial reasons it is impractical, and often unfeasible, to perform highly controlled long-term studies. There is therefore a reliance on extrapolating surrogate markers from short-term studies to estimate long-term effects, an issue that is particularly problematic in relation to LCDs as some people require an adaptation period when adopting dietary approaches of this nature before any beneficial effects are apparent (80).

• a failure to fully consider the influence of the intervention and control arms on medication requirements (particularly on anti-hyperglycaemic medication requirements).



Systematic Reviews and Meta-Analyses

There are a number of published systematic reviews considering the effect of LCDs on weight loss and other markers of health in people with Type 2 diabetes. All identified reviews which included meta-analyses of randomised controlled trials (RCTs) are outlined in Supplementary Table 1 [n = 12 (37, 90–100)]. The general conclusion of many of these is that LCDs perform better for weight loss and improving diabetes control in the short-term, but over the longer-term (generally more than 6 months) there is often little difference between LCDs and control arms (which are usually based on low fat diets).

The apparently diminishing differences may be as a result of reduced adherence to LCDs over time (and it is the position of many experts in the field that this is the primary explanation in most cases), may be an artefact of limitations of the reviews (or the studies they include), or indeed they may be a true reflection of the effectiveness of such diets. It is however difficult to fully elucidate the cause(s) based on the available information. One of the included meta-analyses did attempt to assess this, finding, for example, that adherence did seem to explain the apparent reduction in efficacy of VLCDs for weight loss at 6 months (90). The authors of this review also ultimately concluded that it is difficult to determine with any certainty why the effect of LCDs appear to reduce over time though.

Regardless of the reasons for any benefits not being maintained (based on the evidence available in these reviews), these outcomes provide clear and consistent evidence that LCDs can be at least as effective as other dietary approaches. The most appropriate manner within which to consider this evidence is on a non-inferiority basis, as the comparison made in the majority of studies assessing the impact of LCDs is against the existing standard of care. As these findings support the non-inferiority of LCDs they therefore support the use of LCDs as a suitable option in people with Type 2 diabetes.

Notably, where there are differences between groups they are consistently in favour of LCDs (see Table 1). Differences were most commonly seen for body weight (37, 90, 94, 95, 97, 98, 100), HbA1c (37, 90, 92, 94–100), triglycerides (37, 90, 91, 94, 96, 98, 99), and high-density lipoprotein (HDL) cholesterol (90–92, 94, 96, 98, 99); and no statistically significant differences in favour of low fat dietary approaches were observed in any of the meta-analyses for any variable at any time point. It is also worth highlighting that there were no between-group differences in the change in total cholesterol or low-density lipoprotein (LDL) cholesterol in these meta-analyses, both markers which it is often claimed will be affected negatively by a LCD [one review did report that there was a difference between groups for LDL cholesterol (90), but on further assessment this was non-significant]. These outcomes are summarised in Figure 3.


Table 1. Summary of significant differences in meta-analyses assessing low carbohydrate dietary approaches for the management of Type 2 diabetes.
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FIGURE 3. Summary of outcomes from meta-analyses that compared low carbohydrate dietary approaches with control diets in people with Type 2 diabetes.


Of the main limitations of research in this area, the failure to consider the varying effect of different dietary approaches on medication requirements is a particularly important one. This is because studies consistently demonstrate greater reductions in diabetes medication requirements in the lower carbohydrate arms (see Supplementary Table 1). Where an outcome such as HbA1c is similar between two groups, but one group has achieved this whilst significantly reducing the amount of anti-hyperglycaemic medication they require, this demonstrates a superior performance from the intervention that allowed this. The ability to reduce medication requirements is a strong motivator for many individuals too, and indeed many diabetes medications are reduced or removed at the onset of a LCD (11). Therefore, the failure of many of the reviews to effectively consider this likely penalises the low carbohydrate groups. However, as studies do not report medication usage or changes in a uniform way it is often not possible to pool outcomes related to this. Where medication changes were discussed in the meta-analyses identified for inclusion in the current review the following was reported:

• Snorgaard et al. (95) found that, in the seven studies they included which reported relevant outcomes, medication was reduced at 3 and 6 months with lower carbohydrate dietary approaches compared to higher carbohydrate dietary approaches; and was “numerically lower” at 12 months. The authors acknowledged that “changes in glucose lowering medication have probably led to an underestimation of the effect of low carb diets on glycaemic control.”

• Sainsbury et al. (97) found that, in the 12 studies they included which reported relevant outcomes, there was a greater reduction in medication use for participants on carbohydrate-restricted diets compared with higher carbohydrate diets at every time point; with all studies that reported on such outcomes observing either reduced dosage of oral medications and/or insulin, or an elimination of medication altogether, in the lower carb groups.

• van Zuuren et al. (98) reported that “in all of the studies that included patients taking medication and that adequately reported eventual adaptations, with the exception of one, glucose lowering drug doses were reduced in participants who consumed low-carbohydrate food, but not in those consuming low-fat food.” It should be noted however that this was based on just four studies.

• Korsmo-Haugen et al. (37) concluded that the information available suggests that there was a greater reduction in the use of diabetes medication, particularly insulin, in the LCD groups—and that this may have masked a more positive influence of LCDs on glycaemic control. They acknowledged that this conclusion was based on limited information however, with only four studies showing a significant difference in the change in medications between diets (of the studies they included, it was unclear how many performed analyses to assess whether there was a significant difference for this).

• Huntriss et al. (99) found that, in the 14 studies they included which reported relevant outcomes, every study reported a greater reduction in the requirement for diabetes medication in the low carbohydrate group than in the control group. Of the 11 studies that ran relevant analyses, nine (82%) found this difference to be statistically significant.

• Goldenberg et al. (90) included reduction of medication as a secondary outcome, reporting that LCDs led to greater reductions in the need for diabetes medication at 6 months (risk difference = 0.24, 95% confidence intervals 0.12 to 0.35, GRADE certainty of evidence = moderate) and at 12 months (risk difference = 0.33, 95% confidence intervals 0.00 to 0.66, GRADE certainty of evidence = low). Limited details were presented in relation to these analyses however; for example, which studies were included in the relevant analyses was not reported, and neither was heterogeneity. This factor was still not considered in relation to the assessment of other outcomes either, though the authors did acknowledge that “reductions in medications may blunt the effect on mean HbA1c levels, biassing results toward the null and masking any effect” in their limitations section. The authors also asserted that the ability to assess medication change was impeded by the fact a number of trials placed limitations on what changes to medication were allowed. The degree to which this would have influenced the outcomes is unclear, but based on the other available evidence, as well as the physiology underpinning the requirement for medication reductions, it is likely this would have further biassed them against LCDs.

When appraising this evidence it should be acknowledged that there is an overlap in the studies included within these reviews. They therefore should not each be considered to provide additional, independent evidence. Nevertheless, the findings are clear and consistent.

One final outcome assessed by the most recent of these meta-analyses (90), but not the earlier ones, was remission of Type 2 diabetes. Within this paper it was concluded that LCDs increased rates of remission at 6 months, by 32% when the definition of remission did not require diabetes medication to be omitted, or by 5% if the absence of diabetes medication was required (though the finding was non-significant in the latter case). Remission rates at 6 months were lower in studies which included patients who had been prescribed insulin. At 12 months there was no difference between groups, reflecting the diminishing returns seen for other outcomes. However, in addition to the general limitations outlined previously, this analysis was subject to some additional flaws. For example, the definition used for remission did not include a temporal component, whereas most definitions of remission require at least two measurements to be made, with a minimum duration of time between them (usually 6 months) [e.g., (101)]. The majority of studies from which data were drawn for the relevant analyses did not include remission as an outcome either, thus the use of their findings to draw conclusions on this may be limited.



Randomised Controlled Trials

As well as considering the conclusions of systematic reviews and meta-analyses it is beneficial to consider the outcomes of individual studies, as this allows the evidence to be appraised in a manner that takes into account some of the limitations identified with existing systematic reviews. For example, it allows a focus on studies where the reported intake of carbohydrate (rather than the stated target intake, which is often greatly different to the dietary intake recorded) was consistent with common definitions of LCDs, and it provides an opportunity to further consider the influence of changes in medication requirements.

For the purpose of the current review, all studies included within the meta-analyses listed in the previous section were considered. To reduce the risk of bias, no additional studies were sought or included in the appraisal of relevant trials reported here. After excluding studies classified as using “moderate” carbohydrate diets in their intervention arm, 71 studies were included from these meta-analyses. This list was then filtered using the criteria applied by the National Institute of Health and Care Excellence (NICE) in their development of the guidelines for the management of Type 2 diabetes in 2009 (subsequent updates to this guideline did not appraise the relevant evidence pertaining to the effect of different dietary approaches). These criteria, which were simply that studies had to have a minimum of 50 participants and a follow up of at least 3 months, were applied so that the outcomes of this assessment could be used to consider how the existing evidence may affect current guidelines in the UK if they were to be updated now. Of the 71 studies identified, only 31 had a stated target for carbohydrate intake in the low carbohydrate arm that was less than the definitions set out at the start of this review (i.e., a carbohydrate intake of <130 g per day). Of these:

• 15 studies had <50 participants (102–116). A number of these references would not have met the inclusion criteria, or at least there would have been question marks over the validity of their inclusion, even if they had a sufficient number of participants. Reasons for this include that some were not published trials [one was a doctoral thesis (106) and one a poster abstract (112), for example] or that there were other significant factors being studied alongside the dietary intervention [for example, in one study the intervention group also took part in an interval training programme (113), whilst in another the control group were prescribed orlistat (107)].

• two studies were not truly studies of LCDs, with one using protein shakes as meal replacements (117) and another assessing “low-carbohydrate and protein sparing modified fasts” (118).

• in one study the reported carbohydrate intake was higher in the LCD arm than in the control group of the study at multiple time points, with the paper also stating that “macronutrient intake did not differ significantly between groups at any point” (84).

• one study was only published as a poster abstract (119).

• two studies had a reported carbohydrate intake above the threshold to be defined as a LCD, despite the target carbohydrate intake meeting the applied criteria (120, 121).

Of the remaining ten publications (21, 22, 24, 122–128) there were three occasions where multiple papers were based on the same trial; reporting different outcomes (124, 125) or different lengths of follow up (21, 122, 126–128). In all cases where multiple publications representing the same trial were identified, the publication with the longest follow up was included. The representative papers of each of the six identified eligible studies are summarised in Supplementary Table 2.

Although a simple means of outlining the findings of these studies, it is of note that the HbA1c reduction was greater in the low carbohydrate arm of all six of the identified trials (21, 22, 24, 123, 124, 128); though the difference between groups was only statistically significant in one (22). For other health markers, most studies demonstrated comparable improvements for LCD and control arms, though where there were statistically significant improvements they were consistently in favour of the LCD arm (see Table 2). Importantly, all five studies that reported relevant outcomes demonstrated a greater reduction in diabetes medication requirements in participants randomised to follow a LCD (22, 24, 123, 124, 128). As noted before, this results in an underestimation of the benefits of LCDs. These findings, based only on studies where reported carbohydrate intake was below the threshold used to define a LCD, support that LCDs are at least as effective as the low fat dietary approaches which have generally been recommended for the management of Type 2 diabetes.


Table 2. Summary of significant differences in randomised controlled trials comparing low carbohydrate dietary approaches (carbohydrate intake below 130 g/day or 26% total energy) with any control diet in people with Type 2 diabetes (minimum 50 participants and 3 months duration).
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When comparing these studies (see Supplementary Table 2) the evidence supports the previous assertion that a LCD results in a reduced energy intake, a finding that may help to explain the generally favourable health improvements in those randomised to follow LCDs. Three of the included RCTs provided specific guidance to restrict energy intake to the control group whilst allowing ad libitum consumption in the LCD (21, 22, 24), yet, despite this, the reported energy intake was lower in the LCD for two of them (21, 24). The third of these RCTs reported a higher energy intake in the LCD. However, the authors acknowledge that this may reflect limitations in the data collection rather than being a true finding (22), particularly as weight loss was significantly greater in the LCD group, though they do also suggest that this difference in weight loss could be as a result of increased energy expenditure following a LCD (thus may be a true finding); an assertion that has some support from other experimental data (26, 42). Of the other RCTs, one did not provide a target for energy intake to either group (with the reported energy intake subsequently being lower in the LCD arm) (123) and the other two provided guidance aiming to ensure the two dietary arms were isocaloric (124, 128). In these latter two studies, there was no difference in the reported energy intake of the two groups for one (128), though in the other the reported energy intake was still lower for the LCD arm (124).

As introduced earlier, protein intake is another factor that may influence outcomes in studies of this nature (85–87). Three of the identified studies did not provide specific protein targets to either group (21, 22, 123) [though the dietary guidance provided to the control group appeared to be more prescriptive in one of these studies (22), thus would likely have influenced protein intake], one provided a target to the control group but not the LCD group (24), and two provided a target to both groups (with a higher target as a percentage of total energy to the LCD arm in both cases) (124, 128). Across all of these studies intake was generally similar between groups (21, 124), or was slightly higher in the LCD arm (22, 24, 123, 128). However, of the studies reporting a higher protein intake in the LCD group the difference in one was only apparent when considered as a percentage of total energy intake, with the mean absolute intake (as calculated by the authors of the current review) being just ~10 g/day different between groups (123). The possible limitations in dietary assessment in another have already been noted (22). There therefore appears to be little difference in the absolute protein intake between groups, regardless of whether participants were provided with targets or consumed food ad libitum, despite consistently lower energy intakes in the LCD arms. This supports the important role of protein in relation to satiety [in line with the predictions of the protein leverage hypothesis (47, 48)], and suggests that the foods included in the LCD arms of these studies had a higher proportion of protein than those in the comparison arms (i.e., the total amount of food required to reach this protein intake was less in the LCD groups); which may have had an influence on the outcomes.

When considering the evidence pertaining to carbohydrate restriction it is sometimes argued that low and very low energy diets should be included, as such interventions often meet the stated criteria in relation to absolute carbohydrate intake. Indeed it is possible that at least part of the benefit seen from interventions of this nature, for example DiRECT (71, 129), could be attributable to carbohydrate restriction rather than being solely due to low energy intake or weight loss. One mechanism through which this may be the case is by allowing the beta-cells time to rest and recover, which energy restriction in the absence of carbohydrate restriction would not allow to the same degree. This could conceivably contribute to the re-differentiation of the beta-cells, a key feature in the remission of Type 2 diabetes (71). The potential benefits of nutritional ketosis, for example in relation to reducing hunger, have also already been introduced. However, these approaches are not designed to be long-term and do not represent LCDs in a form congruent to that which would usually be promoted. Therefore, evidence of this nature is not considered further in the current review.



Other Sources

RCTs and systematic reviews/meta-analyses of such trials are considered to be the highest quality of evidence, but important information can also be obtained from alternative sources. It is also important to acknowledge that some questions are better answered by alternative forms of research, and that the overall quality of a study, including the appropriateness of the analytical methods, is often a more important consideration than the type of research that has been performed. Further, although other forms of evidence may be considered inferior based on some criteria, they can also have their own strengths, for example they are often more ecologically valid. This type of evidence can therefore help to bridge the gap between research and practise.

One key example is the work of Virta Health, who have demonstrated outcomes that support the safety and efficacy of carbohydrate restriction for the management, and possible remission, of Type 2 diabetes (38, 130). The aim of the intervention used was to achieve a sustained state of nutritional ketosis, which required a carbohydrate consumption of <30 g per day (a VLCD) for most of the participants. After two years, 55% of those following the VLCD had an HbA1c that would be classified as non-diabetic, 67% of all diabetes medications used at baseline were no longer required, mean insulin dose was reduced by 81% (from 81.9 units/day to 15.5), and over 60% of those using insulin were able to omit it altogether (38). Virta Health have also demonstrated meaningful reductions in cardiovascular disease risk in participants of their programme, with a mean reduction in 10 year atherosclerotic cardiovascular disease risk score of 11.9% (82). Their 2 year results showed an average reduction in triglycerides (−22%) and CRP (−37%), and the resolution of metabolic syndrome in 29% of participants (38); whilst additional analyses of 2 year outcomes found a decrease in the number of small LDL particles and that there had been no progression of carotid intima media thickness (131). The primary limitation of this evidence is that participants were not randomised to the intervention or control group, i.e., those who followed the VLCD chose to do so. However, as alluded to previously, the results are therefore perhaps a better reflection of real world effectiveness, demonstrating that a self-motivated group of individuals who have made an informed decision to follow a VLCD can adhere to this eating pattern and achieve clinically meaningful results through doing so.

Additional evidence that lacks the methodological rigour of a controlled trial but provides a useful insight into the effectiveness of LCDs in a free-living situation is provided by the Diabetes.co.uk Low Carb Programme. Outcomes from a sample of 1,000 participants of this programme, randomly selected from a larger convenience sample, have been published (132); with the primary limitations of this evidence from a research perspective being that there was no control group and that the results were self-reported. The results nevertheless provide support for the effectiveness of LCDs, with 195 (26.2%) of the 743 participants who had an HbA1c above the threshold for Type 2 diabetes diagnosis at baseline reducing it to below this threshold after 12 months. Further, 46.4% of participants lost at least 5% of their initial body weight; and of the 714 participants who were taking at least one medication to manage their diabetes, 289 (40.4%) reduced one or more of these medications. Notably, this programme has now had over 400,000 users; demonstrating the increasing popularity of LCDs.

Evidence of the safety and effectiveness of LCDs for the management of Type 2 diabetes has also been shown within primary care in the UK (75, 133–135). For example, drug-free remission of Type 2 diabetes [defined as achieving an HbA1c of <48 mmol/mol (6.5%)] has been recorded in 56% (68/149) of the patients who have adopted a LCD in one practise (135). The LCD intervention delivered at this practise has also demonstrated considerable financial benefits, with the overall diabetes drug spend previously reported as being ~£45,000 less per year than the regional average (136); a saving that has now increased to >£50,000 per annum despite an increase in the unit cost of many of the medications in question (135).

A further investigation of the impact of a LCD in a community-based setting in the US provides additional support for its effectiveness, finding significant improvements in HbA1c and body weight in patients with Type 2 diabetes who opted for this approach (137). Patients in the LCD group showed a reduction in HbA1c that was 1.29% greater than that observed in the usual care control group (95% CI: −1.75% to −0.82%, P <0.001), whilst weight loss was 12.8 kg more in the LCD group (95% CI: −14.7 kg to −10.8 kg, P < 0.001). All patients in the LCD group who were taking insulin at baseline were able to reduce or discontinue this therapy (compared with 23.1% in the control group), and there were no safety issues reported. Adherence to a LCD, defined as <20 g carbohydrate per day, was reported to be high, with detailed food logs used to verify this.




INCLUSION OF LOW CARBOHYDRATE DIETARY APPROACHES IN NATIONAL AND INTERNATIONAL GUIDELINES

Arguably above and beyond the quantity and quality of available evidence for a particular approach or intervention, the position of bodies who produce relevant policies and guidelines is highly significant. This is because many healthcare professionals, particularly those who are not specialists within a given area, are not familiar with emerging evidence, and/or do not have the time or skills to fully appraise it. As a result they will defer to the position of relevant organisations to guide their practise, and will often not feel comfortable or confident with promoting and supporting an approach until they perceive it to be supported by such bodies. Importantly, a number of influential organisations now support the use of LCDs for the management of Type 2 diabetes:

• Diabetes UK (DUK) guidance from 2011 (138) and 2018 (139) concluded that there is insufficient evidence to promote a specific dietary approach or to conclude what percentage of a person's energy intake should come from fat, protein, or carbohydrate. They state that adherence to a dietary approach is the best predictor of long-term success, and that individualisation of approaches is important. They support carbohydrate restriction as a suitable option as part of this. A 2017 DUK position statement (140) also supports the use of LCDs, with caveats regarding uncertainty over the longer-term effect of such approaches (a common concern that is discussed later in the current review).

• The British Dietetic Association (BDA) released a position statement in 2018 supporting carbohydrate restriction as a viable option for adults with Type 2 diabetes (141), with caveats around the need for more research to ascertain the ideal nutritional composition and the long-term effects.

• The Scottish Intercollegiate Guidelines Network (SIGN) updated their national clinical guidelines for the management of diabetes in 2017 (142). These guidelines recommend that people with Type 2 diabetes be given dietary choices for achieving weight loss that may also improve glycaemic control. The listed options for achieving this include restricting the total amount of carbohydrate that is consumed, though they include caveats regarding the degree of restriction (recommending a minimum of 50 g carbohydrate per day) and duration (stating that this appears to be safe for up to 6 months).

• A 2018 joint position statement from the ADA and the European Association for the Study of Diabetes (EASD) reached conclusions similar to DUK, promoting individualised dietary approaches for patients, with LCDs being listed as a suitable option (143).

• A 2019 consensus report from the ADA concluded that “a variety of eating patterns are acceptable for the management of diabetes” supporting the need to individualise approaches (10). In relation to carbohydrate restriction specifically, this report acknowledges that “Reducing overall carbohydrate intake for individuals with diabetes has demonstrated the most evidence for improving glycaemia and may be applied in a variety of eating patterns that meet individual needs and preferences”; “For select adults with type 2 diabetes not meeting glycaemic targets or where anti-glycemic medications is a priority, reducing overall carbohydrate intake with low- or very low-carbohydrate eating plans is a viable approach”; and “…from the current evidence, this eating pattern does not appear to increase overall cardiovascular risk….”. The position set out in this consensus report was subsequently included in the 2020 update to the ADA Standards of Medical Care in Diabetes (144).

However, the current guidance provided by the National Institute of Health and Care Excellence (NICE) in the UK is not fully consistent with the organisations referenced above (145). Although elements of this guidance are aligned with these other bodies, for example it includes recommendations to favour lower glycaemic index carbohydrates and to individualise carbohydrate intake and meal timings, the overriding message is to promote the same way of eating that is recommended for the general population [i.e., The Eatwell Guide (146) in the UK, which is based on low fat principles]. When updating these guidelines in 2019 it was decided that the section on dietary approaches did not warrant review. This is despite multiple stakeholders (including DUK, the BDA, and several of the authors of the current review on behalf of X-PERT Health) challenging this position during the consultancy phase. Inconsistency in guidance has the potential to cause confusion. This was therefore a missed opportunity to help healthcare professionals, who, in the UK, are more likely to defer to NICE guidance where there is any doubt over what constitutes best practise in an area they do not specialise in, feel comfortable with supporting their patients to adopt LCDs when they are interested in doing so, in line with the position of multiple other relevant organisations (as set out previously). Of note though, the overall response summarising decisions made pertaining to the update of this guideline did state “NICE guideline NG28 already advises individualising recommendations for carbohydrate intake, and meal patterns, which could include low carbohydrate and low calorie diets” (147). It is therefore clear that the promotion and support of LCDs for people with Type 2 diabetes is not precluded by the NICE guidelines in their current form.



AREAS OF CONTROVERSY


Long-Term Effects of Low Carbohydrate Dietary Approaches

Although the positions outlined in the previous section acknowledge the potential utility of carbohydrate restriction for people with Type 2 diabetes, there are still caveats regarding the longer-term effects of this approach in many of them. It could be argued however that these qualifying statements, which are generally not applied to other patterns of eating, are not supported by the available evidence.

The first argument against the necessity for such caveats, particularly when they are not used for other ways of eating, it that there is an absence of high quality evidence regarding the long-term safety and efficacy of ANY dietary approach. This is perhaps largely due to the limitations of nutritional research, some of which were outlined earlier within this review. These limitations are true in relation to the study of all dietary approaches, including low fat approaches which have been adopted widely by organisations worldwide and Mediterranean-style approaches which are almost universally accepted as healthy. Where longer-term studies have been attempted, the outcomes in relation to low fat dietary approaches, for example, often do not support its superiority over other approaches. For example, in the Women's Health Initiative study glycaemic control was worse in the low fat arm than the control group after 6 years (148) and in the LookAHEAD trial there was no reduction in cardiovascular disease risk in the intervention group when compared to the control group, with the study being stopped after 9.6 years as a result (149). This raises questions as to why low fat approaches are widely promoted without qualification, yet LCDs are promoted with caution due to a perceived absence of long-term evidence. It is inappropriate to hold LCDs to a level of evidence higher than that which other dietary approaches can meet.

Much of the research used to show associations between LCDs and adverse outcomes, evidence often cited in opposition to the use of LCDs, is of an epidemiological nature. However, the individuals classified as following a LCD within these studies are invariably not people who have made a conscious decision to restrict carbohydrate intake in a manner, or to the degree, that would be considered a true LCD. They therefore cannot be considered to be representative of this population, or, by extension, the long-term impact of carbohydrate restriction. One clear example of inappropriate classifications of diet for this purpose is provided by a recent study which classified people as following a LCD if <50% of the energy they derived from food was from carbohydrate (and more than 35% was from fat) (150). When split into deciles, the upper limit for carbohydrate intake in the lowest carbohydrate group of this study was 39.5% energy from carbohydrates; significantly above the standard definitions outlined earlier within this review. Beyond the other limitations of observational research, which would preclude drawing definitive conclusions regardless, this clearly does not provide a valid representation of a LCD. This study is indicative of the methods used in much of the comparable research [e.g., (151–154)].

One limitation of epidemiological evidence that may be particularly relevant when assessing LCDs is the possibility of healthy/unhealthy user bias, an issue which could influence the results in either direction. Some individuals who ignore existing dietary guidelines and reduce dietary carbohydrate intake may also ignore other guidelines and exhibit behaviours known to have a negative influence on health, such as smoking or being inactive (unhealthy user bias). Conversely, individuals who opt to reduce carbohydrate intake may be doing so as a result of being aware of the potential benefits, and thus may be more health conscious than the general population. This makes them more likely to adopt other behaviours that may be health promoting (healthy user bias).

The confounding influence of alcohol intake is also potentially significant. Alcohol consumption is poorly recorded through observational data collection methods, with intake commonly being underreported (particularly in people who consume excessive quantities of it) (155). Attempts to control for alcohol consumption are therefore severely limited. Furthermore, carbohydrate is the macronutrient that is most commonly displaced by alcohol in individuals who consume it to excess (156). There is therefore a possibility that a lower carbohydrate intake may be reflective of alcoholism (or, at least, of an elevated intake of alcohol, which may affect health detrimentally through both direct and indirect effects) in some people, rather than being due to a deliberate adherence to a LCD in a manner consistent with that discussed in the current review. The inability to fully account for this when analysing epidemiological data, and the consistent failure to consider it when discussing the findings, is a major limitation of this body of research.

A further argument against the use of qualifiers relating to long-term effects when recommending LCDs is that the evidence that does exist does not support the contention that this approach increases cardiovascular disease risk, the issue which is usually the central tenet of such concerns. In the absence of high quality, long-term evidence assessing differences in disease prevalence, cardiovascular mortality and/or total mortality between different dietary approaches, studies considering changes in relevant risk markers provide the best available evidence. Although there are clear limitations with this, changes in cardiovascular markers for the LCD arms of such studies are comparable, or often favourable, to those of the control groups; which are usually based around low fat dietary approaches. In support of this assertion, and as noted previously, the ADA 2019 consensus statement on nutrition therapy for adults with Type 2 diabetes concluded that, based on the available evidence, there was no increase in overall cardiovascular risk in individuals who followed a LCD, and, notably, that this appears to be true even within studies where the intake of saturated fat was increased (10). Furthermore, none of the meta-analyses identified for inclusion in the current review found statistically significant differences in the change in total cholesterol or LDL cholesterol between LCDs and control groups (see Table 1); whilst where there were differences in other markers of cardiovascular disease risk they consistently favoured the lower carbohydrate arms. The same is true for the individual RCTs included (see Table 2), of which several (21, 24, 128) followed participants for 12 months or more; whilst Virta Health also demonstrated a clinically meaningful reduction in cardiovascular disease risk in participants who adopted a VLCD (38, 82, 131).

Despite the absence of evidence that LCDs increase the rate of cardiovascular events, and the observation that, on average, LDL cholesterol does not appear to be increased in individuals with Type 2 diabetes who adopt a LCD, this is still an area of concern for many. There is a question mark however over whether an increase in LDL cholesterol alone should be sufficient to justify the cessation of a LCD in individuals who do experience this change (157). Importantly, the available evidence is clear that the number of LDL or apolipoprotein-b particles is a better indicator of cardiovascular risk than LDL cholesterol is (158, 159), while LDL particle size also appears to play an important role (158). Evidence from LCDs demonstrates that the size of LDL particles tends to increase, whilst the number of smaller particles reduces and the total number of LDL particles either reduces or stays consistent (38, 131). These factors would indicate a reduced (or at least a consistent) level of cardiovascular disease risk. Alongside the improvements regularly seen in other markers of health this usually constitutes a significant overall reduction in cardiovascular disease risk, based on contemporary risk calculators.

Further, it has been posited that changes in LDL in response to dietary changes may not always be pathological. Although further research is required to explore this further, credible hypotheses include that such changes may reflect a necessary adaptation to allow rapid redistribution of cholesterol between specific cells (160), or that they may be caused by an increase in circulating free fatty acids, due to increased lipolysis (facilitated by reduced insulin levels), with an ultimate purpose of providing fuel for the body (161). Both of these examples provide a possible explanation for why an increase in LDL cholesterol may represent a normal physiological process, rather than a pathological change. The presence or absence of other negative health markers, and/or of positive or negative changes in other health markers, should help to provide a clue on the overall metabolic health status of an individual, with clustering of risk factors generally providing greater predictive ability than individual markers. It should also be considered that cholesterol markers may be increased transiently during weight loss, thus clinical assessment may be more appropriate after an element of weight stability has been established.

If LDL elevation remains a concern despite the mitigating factors set out above, it is often possible to achieve a change in them through making changes to the type of dietary fat that is consumed (by swapping some saturated fat for some monounsaturated or polyunsaturated fat) or by increasing dietary fibre intake (by increasing the consumption of green leafy vegetables, for example). Although there may be some debate over the extent to which this is necessary (depending on the context and the overall health status of the individual), such changes may help to provide peace of mind to patients and healthcare professionals alike.

Based on these points, caveats in the position of other organisations pertaining to the long-term effects of LCDs can perhaps be challenged; though it is of course essential that this topic continues to be assessed to increase our understanding and to ensure that there are no negative effects in the longer-term.



Adherence to Low Carbohydrate Dietary Approaches

Another common criticism of LCDs is that people are not able to continue to follow them long-term, a term which has no universally agreed definition, but is often defined as >12 months in a research setting. Evidence suggests that the approach which is most likely to result in lasting health improvements is whichever one the individual is able to continue following (8), so this is an important issue. This finding also emphasises the important of a range of options being available to patients, to help them find one that is suitable for their personal needs and preferences. However, the available evidence does not support the assertion that LCDs are more difficult to follow than other dietary approaches.

In the Virta Health trial, for example, where participants were highly motivated and self-selected the diet, adherence was 83% at 1 year (130) and 75% at 2 years (38). These values were for a VLCD, which may be more difficult for many people to stick to than more moderate carbohydrate restriction. In RCTs, where individuals may be randomised to an approach that is not consistent with their own preferences, completion rates are similar for LCD and control arms. Indeed, in the six trials included in Table 2 (each of which is summarised in Supplementary Table 2) the average completion rates at the most recent time points for which data are available were 66% in both the intervention and control arms. The completion rates within each study are presented in Figure 4. Although trial completion rates are not a perfect marker of adherence they do provide an indication of this, particularly within studies where reported carbohydrate intake is consistent with the target carbohydrate intake (as it was in the studies included here). It is possible that adherence rates in these studies may be higher than in a general population however. Some studies provide high levels of support, or even provide the participants with the food they are required to consume, both factors which would make sticking to a dietary approach easier than it would be in the real world. Further, many studies are of a short duration, which might help motivate individuals to stick to a LCD even if they are not finding it enjoyable. It is also possible that individuals volunteer for such studies as they have an interest in a LCD, which may result in favourable adherence rates for the LCD arms when compared to the control arms. Supporting this, in one study (which did not meet the criteria for inclusion in the current review as the sample size was below the 50 participants minimum applied) all of the participants who withdrew from the control group did so because they were disappointed at not being randomised to the low carbohydrate arm (104). Despite these possibilities, there is still an absence of evidence that LCDs are more difficult to follow than other ways of eating.
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FIGURE 4. Study completion rates in randomised controlled trials comparing low carbohydrate dietary approaches (carbohydrate intake below 130 g/day or 26% total energy) with any control diet in people with Type 2 diabetes (minimum 50 participants and 3 months duration).


In people's day-to-day lives however, there are still practical barriers to adopting LCDs. These barriers include, in the UK, that reference intakes and traffic light colour coding on food labels are designed to support a low fat dietary approach; that most readily available food in shops and eateries is geared toward a low fat way of eating (for example sandwiches, crisps and chocolate bars are still the most abundant lunch and snack options in most places); and that many people are not supportive of their friends or family members if they try to follow a LCD, due to misconceptions regarding the safety and efficacy of such approaches. These factors may make it more difficult for someone to adopt a LCD, but that does not mean that it is not possible. Indeed, anecdotal evidence supports that many people are able to sustain a LCD long-term. Furthermore, in a survey of dietitians in the UK the majority responded that they felt a LCD was achievable for the “right individuals” as long as they received appropriate support (162). Of note, the majority of respondents to this survey felt that guidance suggesting a 50% energy intake from carbohydrates is inappropriate for people with Type 2 diabetes (162).

Although these barriers may pose challenges to adherence, and may result in some individuals deciding against persisting with a LCD, there is evidence demonstrating that not everybody is put off by such factors. For example, a study reporting findings from interviews with people with Type 1 or Type 2 diabetes who had adopted a VLCD found that participants were sufficiently motivated by the benefits they had seen to persist with this dietary approach despite a perceived lack of support from healthcare professionals (163). Of note, the majority of individuals in this study intimated an intention to maintain this dietary approach for the rest of their lifetime, indicating that they saw it as a lifestyle change rather than a temporary therapeutic intervention.

As LCDs become more widely accepted some of the existing barriers may dissipate, which will help more people to adhere to such dietary approaches. However, changes in the food environment (which are necessary above and beyond the need to make alternative dietary approaches more accessible, with such issues, arguably, being the root of the twin epidemics of obesity and Type 2 diabetes being experienced in much of the Western world, and increasingly beyond) are tied more closely to economic priorities than health-related ones; thus are not likely to occur rapidly. It is therefore crucial that people wishing to adopt a LCD are provided with the education and support necessary to help them make informed decisions about their food choices. Practical advice is available through a number of channels, including group based structured education and digital platforms (including mobile phone applications and websites). Support for healthcare professionals, to help them learn about LCDs and how they can support their patients in adopting them, is also available [e.g., (79, 80)].



Additional Concerns

Beyond those discussed above, there are a number of other factors often raised as concerns in relation to LCDs. One such concern is that LCDs increase the risk of hypoglycaemia. Although mild hypoglycaemia can be experienced by anyone, severe hypoglycaemia is only a danger for individuals taking certain medications, particularly insulin or sulphonylureas. At the onset of a LCD these medications are reduced or omitted (11), thus there is actually a reduced risk of hypoglycaemia in individuals following a LCD, as long as they have a medication review before they begin. Of note, there were no serious adverse events reported in the RCTs identified for inclusion in the current review (see Supplementary Table 2), and where reported in the identified systematic reviews (see Supplementary Table 1) there was no difference in adverse events, including hypoglycaemia, between diets.

An additional criticism sometimes levelled at LCDs is that they increase the risk of nutrient deficiencies. Any dietary approach can result in individuals not obtaining all of the dietary components that the body requires to function optimally, particularly if they are not well-planned or are not based on nutrient dense foods. There is, to the knowledge of the authors, no evidence that LCDs increase the risk of this however. In relation to LCDs concerns are often raised in relation to fibre in particular. However, there are a wide variety of foods that can provide fibre without contributing large quantities of carbohydrate to the diet, such as vegetables, nuts, seeds and dark chocolate; whilst the staple components recommended when individuals adopt LCDs are invariably nutrient dense foods, such as non-starchy vegetables, eggs and oily fish. This is further discussed by Zinn et al. (164), who provide a hypothetical case study demonstrating that LCDs need not be deplete of any important nutrients.

Lastly, it is sometimes asserted that LCDs are more expensive than other ways of eating. Health inequalities are a major issue, with any intervention which is not suitable for individuals with a lower socio-economic status exacerbating the problem. It has been posited that LCDs are not suitable for lower income households, but that is based on false assumptions regarding the types of food an individual may regularly consume when following this approach. As with any dietary approach there are more expensive options which may not be suitable for everyone, but there are also multiple ways a LCD can be adapted to be more cost-effective. For example, staple ingredients such as eggs or tinned oily fish need not be expensive; whilst purchasing tinned or frozen vegetables, for example, can reduce waste and help save money. An analysis of the cost of food for a family of four switching from a low fat diet to a LCD supports that this approach does not need to be significantly more costly (165). It should also be considered, as discussed previously, that LCDs have been demonstrated to reduce hunger for many people. This can lead to a reduced intake of food, including less snacking and/or a lower eating frequency, and thus less money is required to be spent on food. It is important that socio-economic factors are not disregarded though, and people should be supported to adopt the best quality diet that they can afford, regardless of which dietary approach they wish to follow.




TYPE 2 DIABETES REMISSION

The evidence pertaining to Type 2 diabetes remission suggests that LCDs may have an advantage over other dietary approaches. Until recently it was not known or accepted that Type 2 diabetes remission was possible at all (12), suggesting that standard dietary management approaches are not effective for achieving this. Although there is now evidence that Type 2 diabetes remission is possible with a number of approaches [including Mediterranean (166) and low fat diets (167–169)], the evidence is strongest for very low energy diets (129, 170) and VLCDs (38, 130). The former of these methods, very low energy diets, is different in nature to a VLCD however as it is only a short-term approach; thus a long-term, sustainable dietary approach still needs to be adopted after the weight loss phase to ensure any weight that has been lost is not regained, which would almost inevitably lead to the return of Type 2 diabetes. Additionally, the success of a very low energy diet in relation to Type 2 diabetes remission is dependent on the ability of the pancreatic beta-cells to regain their specialist function (71). Evidence suggests however that some people, particularly those who have had Type 2 diabetes for a longer duration (171), may not be able to achieve this. In these cases individuals may not see their ability to effectively metabolise carbohydrates return, and so reducing the amount of dietary carbohydrate they are required to process is likely a better strategy to help them improve their blood glucose control than targeting weight loss alone.

As noted earlier, Type 2 diabetes remission was included as an outcome of interest in a recent meta-analysis (90). This study found differences in remission rates at 6 months that favoured LCDs, though the magnitude of this difference varied depending on the definition of remission used, and appeared to reduce over time. There were however several limitations to this analysis, as discussed earlier, thus alternative sources of evidence may provide more valid assessments of the efficacy of LCDs and VLCDs for helping individuals achieve remission. What is clear from other analyses, including the outcomes of Virta Health (38, 130) and evidence from primary care in the UK (135), is that carbohydrate restriction appears to be a viable option for helping motivated patients to achieve this goal.



STRENGTHS AND LIMITATIONS OF THE CURRENT REVIEW

The primary strength of the current review is that it has considered this topic more broadly than previous analyses have, whilst considering the evidence, from both a clinical and an academic perspective, in the context of its limitations. A number of meta-analyses have been performed in an attempt to provide a definitive answer to the question of whether a LCD is effective for the management of Type 2 diabetes, but as many of these papers are subject to the same limitations they provide limited additive benefit to previous work. A narrative review provides an effective way to address this issue, as a more discursive approach allows an exploration of this information alongside other modes of investigation to draw more meaningful conclusions.

Although the narrative nature of this review can be considered a strength, it can also be considered its main limitation. Compared to a systematic review, a narrative review has an increased risk of bias, and repeatability is reduced as there is no method or search strategy that others can replicate. There is also an increased risk that pertinent evidence may have been missed. However, that part of the review was semi-structured, with all trials included within identified meta-analyses considered, may help to mitigate for this. Another limitation that arises as a direct consequence of one of the papers strengths is that the broad scope of the review necessitates that it has not been possible to explore some important concepts in detail. This includes additional exploration of the potential differences between LCDs and VLCDs, in relation to whether stricter carbohydrate restriction is more effective than more moderate carbohydrate restriction and whether there may be additive benefits due to direct effects of nutritional ketosis. It was not however the purpose of the current review to provide a comprehensive review of all relevant factors, but to provide an update of the state of the existing evidence, and to interpret this in a manner that will help to inform clinical practise and future academic directions.



PRACTICAL RECOMMENDATIONS


Clinical Practise

• Patients should be supported to make a choice that fits their needs and preferences. There should be less focus on promoting a particular approach as best, and more on allowing individuals to make an informed choice to help them establish which approach is most suitable for them.

• LCDs should be one of the options that are offered, and the possible benefits should be made clear. This should include that existing evidence suggests that LCDs are at least as effective as other approaches for the management of a range of key health markers, and are likely to be superior for outcomes such as a reduced need for diabetes medication.

• To support adherence, and the ability to make informed choices, patients should receive appropriate and ongoing education and support.

• Concerns around the long-term impact of LCDs, or of the ability to adhere to them, should not be used to discourage people from adopting such approaches as they are not supported by the available evidence. However, as with all patients (and all interventions), key health markers should be tracked to allow consideration of the impact of the specific changes made by the individual.

• Where relevant, patients should have a medication review before they begin restricting carbohydrate intake, and relevant health markers should be tracked carefully.

• Individuals with more complex needs, such as the presence of comorbidities and/or with special dietary requirements, should receive additional support from appropriately qualified healthcare professionals when making changes to their diet and lifestyle.



Research

• Further meta-analyses assessing the impact of LCDs on health should be discouraged, unless they explicitly address the question in a different way (such as stratifying outcomes based on reported carbohydrate intake rather than intended carbohydrate intake).

• Studies should avoid making claims about the impact of LCDs when there is no evidence that those with data included in the study followed a dietary approach that would meet the generally accepted classification of a LCD.

• The possible effects of carbohydrate restriction independent of weight loss should be explored further. It should however be acknowledged that such investigations are primarily academic, and that the mechanism through which an intervention is effective is largely redundant from a clinical perspective.

• The potential impact of differing protein intake and of different types of fat on the safety and efficacy of LCDs, as well as of other potentially influencing factors such as the frequency of eating, should be further explored.

• Future research should ensure that other important factors, such as changes in medication use and the quality of the diet, are fully considered.

• As with all nutrition research and dietary approaches, continued attempts to improve the quality of studies, including through the investigation of objective markers of dietary intake, as well as efforts to improve adherence to dietary changes, would be of great value. This would also help to further assess the long-term impact of different dietary approaches, something that is difficult with existing methods.

• Future reviews should expand on some of the topics that were covered in the current review but, by necessity, were not explored in detail. Consideration of the potential impact of VLCD (i.e., “ketogenic”) approaches should also be explored further, including whether the effects of this are greater than that of more moderate carbohydrate restriction, and an exploration of practical considerations such as adherence and acceptability.




CONCLUSION

Available evidence supports the safety and efficacy of LCDs for the management of Type 2 diabetes, with findings consistently demonstrating such approaches to be at least as effective as other ways of eating for improving blood glucose control and reducing cardiovascular disease risk. Further, LCDs appear to be superior to other dietary approaches for reducing the requirement for diabetic medications and, potentially, for placing Type 2 diabetes into remission. Existing evidence does not appear to support the assertion that LCDs are more difficult to adhere to than other dietary approaches. LCDs should therefore be promoted as a possible option for the management of Type 2 diabetes, and where patients make an informed choice to adopt a LCD they should be supported by their healthcare team to help maximise their chances of achieving their health goals.
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