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  Abstract
  Red meat intake has been frequently associated with the development of coronary artery disease and type 2 diabetes but vegetable protein has been associated with protection from these diseases. Whether this is related to the protein per se or to the increased polyunsaturated fat or higher fibre levels associated with more vegetarian diets is not clear.
High protein diets are associated with greater satiety and in some studies are associated with greater weight loss compared with high carbohydrate diets especially in an ad libitum design. These diets also lower plasma triglyceride and blood pressure and sometimes spare lean mass. There appear to be no harmful effects of high protein diets on bone density or renal function in weight loss studies.
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   Introduction
 The first literature on high protein weight loss diets that were not liquid, very low calorie diets appeared in 1994. Since then there has been an explosion of interest in high protein diets, prompted by the books on the Atkins diet, although scientific reports on the efficacy of this diet did not appear till much later. High protein weight loss diets have been described in the popular literature since the 1890's.
 This contribution focuses predominantly on studies that have a duration of twelve months or longer and examines the effects of high protein diets on glycaemic control, hypertension and hyperlipidaemia. There are many issues that complicate the interpretation of the results, including whether the protein replaces carbohydrate or fat (this may be one of the most critical issues), whether the carbohydrate level is low or very low, thus inducing ketosis, whether the protein is animal or vegetable in origin and whether the absolute level of protein is increased (rather than just the percentage of energy from protein) compared to the usual weight stable diet.

 Epidemiology
 Body Weight and Heart Disease.
 There is a limited amount of epidemiological data relating dietary protein intake to body weight, type 2 diabetes and cardiovascular disease. In a recent publication from 5 of the countries in the European Prospective Investigation into Cancer and Nutrition (EPIC) study a higher intake of protein from red and processed meat and chicken, rather than fish or dairy was associated with a greater body weight gain over 6·5 years, especially in women. There were no associations with plant protein. Whether the gain was due to fat or muscle was not clear but there was no clear association with changes in waist circumference suggesting that central fat was not increasing(Reference Halkjær, Olsen and Overvad1).The mechanism of the association was not clear but it did not appear to operate via glycaemic load changes(Reference Du, van der and van Bakel2). Similar changes were seen in all 10 countries in the EPIC-Panacea study(Reference Vergnaud, Norat and Romaguera3). Red meat but not protein in general appears to be associated with heart disease in some data sets. In the Nurses Health Study, over a 26 year follow up, red meat, both fresh and processed and high fat dairy were associated with an increased risk of coronary heart disease (CHD) while poultry, nuts and fish were associated with a lower risk. Swapping a serve of nuts, low fat dairy, poultry or fish leads to 13–30 % lower risk of CHD(Reference Bernstein, Sun and Hu4). In the Health Professionals Follow-Up Study neither total protein or animal or vegetable protein were associated with CHD. However if the subjects were free of hypertension, hypercholesterolaemia, and diabetes at baseline (very post hoc and not a pre specified analysis), the relative risk (RR) of CHD was 1·21 (P for trend = 0·02) for total protein, 1·25 (P for trend = 0·02) for animal protein, and 0·93 (P for trend = 0·65) for vegetable protein(Reference Preis, Stampfer and Spiegelman5).

 Type 2 diabetes
 As with heart disease there has been some degree of association reported for a variety of red meats and an increased risk of type 2 diabetes. In only one study (the MASALA study), a small study of Indians in San Francisco, was the intake of total protein associated with an increased risk of type 2 diabetes (70 % increase in risk in the highest intake group)(Reference Wang, de Koning and Kanaya6). In the IRAS study red meat, eggs, cheese and cottage cheese were associated with an increased risk of type 2 diabetes(Reference Liese, Nicarbohydratels and Sun7). Both of these studies were small with only 144 and 880 participants, respectively. In the Whitehall study burgers and sausages increased the risk of type 2 DM(Reference McNaughton, Mishra and Brunner8) as did total red and processed meat and hot dogs and bacon in the Nurses health Study with risk ratios varying from 1·26 to 1·73(Reference Fung, Schulze and Manson9). Murakami showed that heme iron intake was a predictor of type 2 DM in a meta analysis of 15 cohort studies(Reference Murakami, Okubo and Sasaki10). A recent meta analysis of 12 cohort studies showed a modest increase in risk of type 2 DM with red meat and processed meat with RRs of 1·21 to 1·41 from highest to lowest intake categories, but there was considerable heterogeneity(Reference Aune, Ursin and Veierød11). These findings contrast with the association of a high glycaemic load diet with about a 50 % increase in the risk of type 2 DM in US Nurses(Reference Salmerón, Manson and Stampfer12). In this group the low glycaemic load diet contained about 5 % more protein and about 15 % more fat. In a further analysis of the Nurses data Halton 2008(Reference Halton, Liu and Manson13) showed that a low carbohydrate diet based on vegetable protein and vegetable fat were protective with an 18 % reduction in the risk of type 2 DM comparing extreme deciles while animal protein and animal fat was not protective.
 In contrast in the EPIC-Potsdam cohort, substituting 5 % of energy as protein for carbohydrate reduced the risk of type 2 DM by 23 %(Reference Schulze, Schulz and Heidemann14) while in the Attica study total protein was unrelated to fasting glucose and insulin, but red meat was associated with increased levels of both glucose and insulin(Reference Papakonstantinou, Panagiotakos and Pitsavos15).
 Overview of the epidemiological literature
 Although red meat appears to be associated with both heart disease and type 2 diabetes in virtually all studies consumers of a large amount of red meat tend to be more obese, smoke more and exercise less so they are clearly a special group. Even though all studies are adjusted for these confounders it is possible there are unmeasured behavioural confounders that account for the relationship observed that persist after adjustment for saturated fat. There does not appear to be a good biological explanation for the association.


 Interventions with high protein weight loss diets
 The major problem with interpreting all of the weight loss studies is that weight loss per se has the most powerful effect on the comorbidities which leaves little room to see an effect of macronutrients.

 Body weight and CVD risk markers
 Only the most important large and long term studies will be discussed in detail.
 The largest test of a high protein diet was performed in the USA in a 4 centre trial(Reference Sacks, Bray and Carey16) In the study 811 participants were randomly assigned for 2 years to one of 4 possible diets: 20 % of energy as fat, 15 % as protein, and 65 % as carbohydrate (average protein); 20 % 25 %, and 55 % (high protein); 40 %, 15 %, and 45 % (high fat, average protein); 40 %, 25 %, and 35 % (high fat, high protein). The design was a 2 by 2 factorial and each diet was prescribed with a 750 kcal deficit based on calculated resting energy expenditure and activity level. At 6 months an average of 6 kg weight loss (7 %) occurred which when compared with other trials was relatively low. Subjects began to regain weight after 12 months and by 2 years weight loss was between 3–4 kg with no statistically significant differences between groups. At two years, on intention-to-treat analysis, weight loss was 3·0 and 3·6 kg in the 15 % and 25 % protein groups, respectively. In the completers (645 out of 811) it was 3·6 and 4·5 kg (P = 0·11). In the 20 % fat and 40 % fat groups it was 3·3 kg for both and in the contrast of the 65 % vs 35 % carbohydrate groups it was 2·9 and 3·4 kg, respectively. Weight loss was 0·2 kg per support session attended.
 Compliance to a high protein diet increased weight loss from 3 kg to 8 kg as the protein intake increased from 15 % to 25 % (Fig. 1). The number of sessions attended also increased from 42 % to 59 % and the authors attributed the increased weight loss to attending the counselling sessions (0·2 kg per session attended over the 2 years) but an equally valid interpretation is that the volunteers who liked the diet were much more compliant to it and because of this attended more sessions. Unfortunately there was no multivariate analysis incorporating both these factors. However in the average protein group an increase in the number of sessions attended was not associated with more weight loss, possibly because the target protein of 14·5 % was achieved compared with an achieved level of 24 % in the group who attended fewer sessions, suggesting that the higher protein diet per se was beneficial. Urinary nitrogen measures showed that the difference in protein intake was 10 g at 6 months and 5 g at 2 years rather than the 20 g target (which in itself was relatively modest) so compliance to the prescribed diet was relatively poor in this study although there was only a 20 % dropout rate over the 2 years which is far fewer than might be expected. Based on HDL cholesterol changes differences in carbohydrate intake were only 6 % rather than the expected 30 % difference.
[image: ]

 
Fig. 1 Weight loss as a function of compliance and protein intake (redrawn from 16).


 All diets reduced cardiovascular risk factors for cardiovascular disease and diabetes at 2 years. The low fat and high carbohydrate diets reduced LDL cholesterol more than the high fat diets and low carbohydrate diets 5–6 % vs 1 %. Triglyceride was lowered by 12–17 % and there was no statistically significant greater effects in the low carbohydrate diet groups. This was almost certainly a result of small differences in achieved carbohydrate intake.
 The main outcome from this study was that it was impossible to maintain significant macronutrient differences long term. What little differences were achieved had no effect.
 In the DIRECT 2 year weight loss study, 322 moderately obese participants (mean BMI 31, 86 % men) were randomized to one of three groups: low-fat, Mediterranean, or low-carbohydrate diets(Reference Shai, Schwarzfuchs and Henkin17, Reference Greenberg, Stampfer and Schwarzfuchs18); 84·6 % completed the study. In the intention-to-treat analysis, weight loss was 2·9 ± 4·2 kg for the low-fat diet, 4·4 ± 6·0 kg for Mediterranean, and 4·7 ± 6·5 kg for low-carbohydrate (diet-group × time P < 0·001). Weight loss among the 272 participants who completed the two-year intervention was 3·3 ± 4·1 kg, 4·6 ± 6·0 kg, and 5·5 ± 7·0 kg, respectively. Men lost more weight on the low-carbohydrate diet, but women lost more weight on the Mediterranean diet (P for group × sex < 0·001) suggesting that dietary preference may have a role to play in successful weight loss.
 Overall compliance at 2 years was 90 % in the low-fat, 85 % in the Mediterranean, and 78 % in the low-carbohydrate diet groups (P = ·042 between groups). Dropout rates differed between the diets, 9·6 % for the low fat group, 14·7 % for the Mediterranean and 22 % for the low-carbohydrate group (P = ·04 between the diet groups). In a multivariate model, significant independent predictors of dropping-out were: higher baseline BMI (OR = 1·11) and lower weight loss at 6 months (OR = 1·20). Greater weight loss achieved at month 6 was the main predictor associated with success in weight loss (>5 %) over 2 years (OR = 1·5) suggesting that in the short-term a more restrictive diet may be the best option. In those who achieved a >5 % weight loss at 2 years (42 % of the group) weight loss at 6 months was 9·3 kg while the failures ( < 5 % weight loss) only achieved a weight loss of 3·2 kg at this time point. Self-reported complete adherence score to diet was greater on a low-carbohydrate diet (P < 0·05 compared to low-fat) until month 6, but dropped overall from 81 % at month 1 to 57 % at month 24. This suggests that the low carbohydrate, high protein diet is best used for no more than 6–12 months with a change to another dietary pattern for long term weight maintenance. Although the % protein increased in the Atkins diet by 3·1 % of energy, absolute protein intake decreased by 7–20 g/day. As this was a workplace feeding study in the Negev desert its general applicability may be limited as it was much easier in this setting to maintain macronutrient differences but again the absolute differences achieved in weight outcomes were not large.
 Foster et al. (Reference Foster, Wyatt and Hill19) compared a low carbohydrate diet to a low fat diet over 2 years. Weight loss was approximately 11 kg (11 %) at 1 year and 7 kg (7 %) at 2 years. There were no differences in weight, body composition, or bone mineral density between the groups at any time point. The number of participants commencing the study was 307 and 32 % dropped out in the low fat group and 42 % in the low carbohydrate group.
 Long term follow up of the ad libitum 6 month Astrup study(Reference Skov, Toubro and Rønn20).
 In this Danish study 65 healthy, overweight and obese subjects were placed on either a high carbohydrate (HC 58 % carbohydrate, protein 12 %) or a high protein (HP 45 % carbohydrate, 25 % protein) diet (6) with no guidance on energy intake and all food was provided by self-selection in a study shop. Weight loss after six months was 5·1 kg in the HC group and 8·9 kg in the HP group (P < 0·001), and fat loss was 4·3 kg and 7·6 kg, respectively (P < 0·0001), whereas no changes occurred in the control group. More subjects lost >10 kg in the HP group (35 %) than in the HC group (9 %)(Reference Skov, Toubro and Rønn20). Similar results were seen in this group at 1 and 2 years, with more participants in the HP group (17 %) having lost >10 kg than in the HC (P < 0·09). At 24 months, both groups tended to maintain their 12 months weight loss, but more than 50 % were lost to follow-up(Reference Due, Toubro and Skov21).
 Dansinger et al. (Reference Dansinger, Gleason and Griffith22) compared Atkins (low carbohydrate), Zone (high protein), Weight Watchers (calorie controlled) and Ornish (low fat), in 160 participants with fairly poor results at 12 months with no group exceeding a 3 kg average weight loss. Changes in TC/HDL ratio, insulin and CRP were directly related to the amount of weight lost and did not differ by diet type.
 Similar diets were tested in 311 pre-menopausal women for 1 year(Reference Gardner, Kiazand and Alhassan23) Between 35–50 % of all subjects had dropped out by 12 months. Mean 12-month weight loss was: Atkins, 4·7 kg, Zone, 1·6 kg, LEARN (a calorie controlled behavioural program), 2·6 kg and Ornish, 2·2 kg. Weight loss was not statistically significantly different among the Zone, LEARN, and Ornish groups but Atkins was different to the Zone diet only (P < 0·05) suggesting that either satisfaction with the Atkins diet or more restricted food carbohydrate choices are important during weight loss(Reference Alhassan, Kim and Bersamin24). Adherence to the diet was not predicted by age, BMI or education level(Reference Foster, Wyatt and Hill25).
 Foster et al. (Reference Foster, Wyatt and Hill25) randomised subjects to either low-carbohydrate (high protein) or low-calorie, high-carbohydrate, low-fat diets. A difference in weight loss was seen at 6 months but not 12 months which was very similar to the results of Samaha et al. (Reference Samaha, Iqbal and Seshadri26, Reference Stern, Iqbal and Seshadri27). Brehm et al. (Reference Brehm, Seeley and Daniels28) and Yancy et al. (Reference Yancy, Olsen and Guyton29) showed better results at 6 months on a high protein low carbohydrate diet but did not extend the studies to 12 months.
 McAuley et al. (Reference McAuley, Hopkins and Smith30, Reference McAuley, Smith and Taylor31) contrasted 3 different diets of varying fat and protein levels. The high fat diet produced rises in LDL cholesterol in 20 % of the group despite the weight loss.
 Overall in these 12–24 month studies there was little benefit from a high protein diet either with a moderate or a high carbohydrate diet even when compliance to the diet was achieved. There were few differences in cardiovascular risk factors.
 In a meta-analysis by Nordmann et al. (Reference Nordmann, Nordmann and Briel32) five trials of the Atkins diet with a total of 447 individuals followed up for at least 6 months with intention-to-treat analysis were evaluated. After 6 months, individuals assigned to low-carbohydrate diets lost more weight than those on low-fat diets (weighted mean difference (WMD, − 3·3 kg). This difference was no longer obvious after 12 months. Triglyceride levels and HDL-cholesterol values changed more favourably in individuals on low-carbohydrate diets after 6 months but total and LDL-cholesterol values changed more favourably on a low-fat diet. There were no differences in blood pressure between diets.
 Thus a high protein, low carbohydrate high fat diet does not enhance weight loss but has adverse effects on the most important lipid species-LDL cholesterol.
 Krieger et al. (Reference Krieger, Sitren and Daniels33) examined 87 short term studies (some controlled and some ad libitum) finding that protein intakes of >1·05 g/kg body weight were associated with 0·6 kg better retention of lean mass and in studies greater than 12 weeks in duration this increased to 1·2 kg. In studies with a carbohydrate intake of < 35–41 % there was a 2 kg greater loss of fat mass, but this was accompanied by a 0·7 kg greater loss of lean mass. In studies of 12 weeks or more this increased to 5·6 kg and 1·7 kg respectively.
 Although lean mass my be better preserved on high protein diets the physiological significance of this finding is not clear as there are no benefits of a high protein diet on glucose levels.
 In a study from our group at CSIRO of overweight and obese women (n = 100) those with high serum TG (>1·5 mmol/L, n = 50) lost more fat mass with the high protein than with the high carbohydrate diet (6·4 and 3·4 kg, respectively; P = 0·035)(Reference Noakes, Keogh and Foster34). In a 12 month follow-up of this study women who reported eating more than 90 g/day of protein were 3 kg lighter than women eating less than this amount. Protein intake was confirmed by urinary urea:creatinine ratio(Reference Clifton, Keogh and Noakes35). In a pooled analysis of data from 3 studies in overweight non diabetic subjects (n = 215) subgroup analysis showed that subjects with serum TG>1·7 mmol/L lost more total fat (high protein diet 6·17 ± 0·50; standard protein diet 4·52 ± 0·52, P = 0·012) and abdominal fat (high protein diet 1·92 ± 0·17; standard protein diet 1·23 ± 0·19, P = 0·005) when on a high protein diet(Reference Clifton, Bastiaans and Keogh36).
 We have completed a large 12 month, energy controlled test of an Atkins style weight loss diet compared with a high carbohydrate weight loss diet particularly focused on vascular measures(Reference Wycherley, Brinkworth and Keogh37, Reference Brinkworth, Noakes and Buckley38). Sixty-nine participants (59 %) completed the trial: 33 in the LC group and 36 in the LF group. Both groups lost similar amounts of weight (LC: 14·5 ± 1·7 kg; LF: 11·5 ± 1·2 kg; P = 0·14, time × diet) and body fat (LC: 11·3 ± 1·5 kg; LF: 9·4 ± 1·2 kg; P = 0·30). Blood pressure, fasting glucose, insulin, insulin resistance, and C-reactive protein decreased independently of diet composition. Compared with the LF group, the LC group had greater decreases in triglycerides (0·36 ± 0·15 mmol/L; 95 % CI: 0·67, − 0·05 mmol/L; P = 0·011), increases in HDL cholesterol (0·23 ± 0·09 mmol/L; 95 % CI: 0·06, 0·40 mmol/L; P = 0·018) and LDL cholesterol (0·6 ± 0·2 mmol/L; 95 % CI: 0·2, 1·0 mmol/L; P = 0·001), and a greater but nonsignificant increase in apolipoprotein B (0·08 ± 0·04 g/L; 95 % CI: − 0·004, 0·171 g/L; P = 0·17. There was a significant time × diet effect for flow mediated dilatation (FMD) (P = 0·045); FMD decreased in LC (5·7 ± 0·7 % to 3·7 ± 0·5 %) but remained unchanged in LF (5·9 ± 0·5 % to 5·5 ± 0·7 %). Pulse wave velocity improved in both groups with no diet effect (P = 0·80). Thus the high saturated fat, high protein diet produced excellent weight loss but produced adverse effects on LDL cholesterol which reduced FMD.
 Layman et al. (Reference Layman, Evans and Erickson39) in a 12 month study in 130 obese adults found that a high protein diet reduced fat mass more than a high carbohydrate diet although overall weight loss was the same. The protein diet had sustained favourable effects on serum triglyceride, HDL cholesterol (HDL-C), and TAG:HDL-C compared with the high carbohydrate diet at 4 and 12 mo (P < 0·01).
 In high protein diets that are low in fat and moderate in carbohydrate some benefits are seen in terms of body composition, HDL and TG without adverse effects on LDL cholesterol.

 Weight maintenance studies
 High protein diets have been tested by several groups following weight loss with a very low calorie diet. Several groups have examined this question and produced conflicting answers. A recent large study (548 participants) from Europe by Larsen et al. (Reference Larsen, Dalskov and van Baak40) of diet composition in weight maintenance for 6 months showed that a modest increase in protein led to a 0·93 kg weight difference compared with normal protein and a modest reduction in glycaemic index led to a 0·95 kg weight difference compared with a high glycaemic index diet and these two strategies were additive and also produce fewer drop outs (26 % versus 37 %). This study has also shown that advising people to increase their protein intake is relatively ineffective in both achieving an increase in protein and enhancing weight maintenance, whereas providing high protein foods (as was done in 2 centres only out of the 8 centres in the study) is effective as has been previously shown. The reverse was shown with GI: providing low GI foods was ineffective relative to high GI foods, while asking people to choose low GI foods enhanced dietary compliance. This finding suggests the GI of foods per se has no impact on weight maintenance which differs from the authors' conclusions. However others have shown that high protein produces no benefit in weight maintenance at 12 months after an 8 week very low calorie weight loss phase(Reference Larsen, Dalskov and van Baak40) although only 47 % of subjects completed the study. We have shown that a higher protein diet (>88 g/d) is worth about 3·1 kg extra body weight loss at 12 months compared with a lower protein diet(Reference Clifton, Keogh and Noakes35).
 Lejeune et al. (Reference Lejeune, Kovacs and Westerterp-Plantenga42) found that a 20 % increase in protein intake (through an unmatched supplement) during weight maintenance after a 4 week weight loss period reduced weight regain by 50 % over the subsequent 3 months. Claessens et al. (Reference Claessens, van Baak and Monsheimer43) found a similar effect using a matched casein supplement over 12 weeks of weight maintenance which was worth 2·2 kg of fat. Layman et al. (Reference Layman, Evans and Erickson39) found that a weight loss diet that had double the amount of protein (1·6 g/kg vs 0·8 g/kg) led to better body composition at both 4 months and 12 months, especially in those participants who lost more than 10 % of their body weight over this period.
 There appears to be some evidence that a high protein diet helps maintain weight loss especially in people who have had good initial weight loss.

 Type 2 Diabetes and glucose control with high protein, low carbohydrate diets
 Short term weight stable studies conducted by Nuttall and Gannon(Reference Gannon and Nuttal44–Reference Nuttall and Gannon48) over the last few years have demonstrated very impressive reductions in HbA1c with a reduction in carbohydrate of 25 % energy with replacement with fat and protein (15 % to 30 %). These reductions were of the order of a 35 % fall in area under the glucose curve and a 25 % fall in Hba1c over 10 weeks. These studies used a very small number of participants (6–12) and all food was provided. Similarly a 14 day inpatient study of a low carbohydrate diet in 10 obese patients with type 2 DM. led to a fall in Hba1c from 7·3 to 6·8 %. Energy intake decreased from 3111 to 2164 kcal/d and insulin sensitivity improved by 75 %, with triglyceride falling by 75 %(Reference Boden, Sargrad and Homko49).
 In a meta analysis of 19 trials which exchanged carbohydrate with fat with a median carbohydrate reduction of 18 %, Kodama et al. (Reference Kodama, Saito and Tanaka50) found much smaller effects than Nuttall and Gannon with 2 hour glucose 10 % higher with the higher carbohydrate diet and fasting and 2 hour insulin 8–13 % higher. As expected fasting triglyceride was 13 % higher and HDL 6 % lower with the high carbohydrate diet. In the 306 participants HbA1c, fasting glucose and LDL were not different probably because the trials were all of short duration (10 days to 6 weeks) although Nuttal and Gannon have shown significant effects on Hba1c even in 5 weeks. Whether the exchange of carbohydrate with both protein and fat that their design uses is a significant factor is not clear. Another meta analysis from Kirk et al. (Reference Kirk, Graves and Craven51) which included the Nuttall and Gannon studies in its 263 participants from US and Canadian studies showed that HbA1c, fasting glucose and triglyceride were lower on a low carbohydrate diet which often included a higher protein level (in 7 studies). The longest study was 6 months duration and the rest were 1–16 weeks long.
 However with free living volunteers purchasing and cooking their own food for many months the reality is quite different. In a New Zealand 6 month study with 93 participants on oral hypoglycaemics and or insulin a lower carbohydrate diet reduced weight by 1·3 kg and HbA1c by 0·4 % compared with a control group. Saturated fat fell by 2 % and protein increased by 1·6 %(Reference Coppell, Kataoka and Williams52). Ten patients from the intervention group had a reduction in medication compared with two in the control group while there were ten more patients in the control group compared with the intervention group with an increase in medications so the true difference from the intervention in HbA1c would be greater. Nevertheless the weight loss is disappointing despite 7 individual counselling sessions and a group session as well as phone support.
 A recent 12 month weight loss study from Baker IDI Australia which included 98 people with type 2 diabetes compared a high protein diet with a high carbohydrate diet(Reference Larsen, Mann and Maclean53). Weight loss at 12 months was small, 2–3 kg, with small changes in HbA1c of − 0·2 − ·3 % with no differences between diets. Although reported energy intake dropped by about 25 % from baseline to 12 months the weight loss clearly did not match this. Reported changes in macronutrient composition were small (3–5 %) and protein differences at 12 months as assessed by 24 hour urinary urea were not statistically significant. Weight loss was related to reported compliance to the diets. Participants with the highest self management score lost 5·5 kg and lowered their HbA1c by 0·87 % while participants with the lowest score had no changes in either variable. The study clearly showed the difficulty of implementing a weight loss strategy for participants with type 2 diabetes in a routine clinical environment.
 In contrast another 6 month hospital based study in North Carolina achieved a weight loss of 11·1 kg and a reduction in HbA1c of 1·5 % with an Atkins diet(Reference Westman, Yancy and Mavropoulos54). The calorie-reduced low GI control group also did very well with a weight loss of 6·9 Kg and an HbA1c fall of 0·5 %. Medications were reduced substantially in both groups but 42 % of volunteers dropped out. A study in New York with 105 participants produced much lower weight loss (3·4 %) at 12 months with no differences between the low carbohydrate and low fat diets and no changes in HbA1c(Reference Davis, Tomuta and Schechter55). Similarly in a general practice study 144 participants were enrolled in a test of an Atkins diet compared with a low fat diet for 2 years. Only about 50 % returned at 2 years but records could be extracted for another 57. There was a minor weight loss which did not differ by diet and no changes in HbA1c at 6,12 or 24 months(Reference Iqbal, Vetter and Moore56). A Canadian study that reduced carbohydrate by 13 % for 6 months had no effects on body weight or HbA1c(Reference Jenkins, Kendall and McKeown-Eyssen57).
 People with type 2 diabetes have a better weight and lipid profile at 1 year after following a 12 week high protein diet compared with those who followed a high carbohydrate diet(Reference Brinkworth, Noakes and Parker58).
 Although a lower carbohydrate, higher protein diet may lower HbA1c in some studies the effects in others is unexpectedly disappointing.

 Acute single meal effects of protein on glycaemic control
 Eight type 2 diabetic patients each ingested 350 ml beef soup 30 min before a potato meal; 55 g whey was added to either the soup (whey preload) or potato (whey in meal) or no whey was given. Gastric emptying was slowest after the whey preload (P < 0·0005). The incremental area under the blood glucose curve was lower after the whey preload and whey in meal than after no whey (P < 0·005). Plasma glucose-dependent insulinotropic polypeptide, insulin, and cholecystokinin concentrations were higher on both whey treatments than after no whey, whereas glucagon-like peptide 1 was greatest after the whey preload (P < 0·05). These data suggest that protein has more significant effects on glucose homeostasis other than just replacing carbohydrate(Reference Ma, Stevens and Cukier59). Much more research needs to be done in this area, especially in long term weight stable studies.

 Preservation of lean mass
 Much attention has been focused on the ability of a high protein diet to reduce the amount of lean tissue lost during weight loss. Krieger(Reference Krieger, Sitren and Daniels33) in his meta analysis of high protein, reduced carbohydrate diets found that a daily protein intake of 1·05 g/kg preserved about 0·6 kg of lean mass more than a lower protein diet. In studies longer than 12 weeks (7 studies only) the difference increased to 1·2 kg. There were no effects on fat mass. In an unpublished meta analysis we have examined 29 studies with a duration of 12 weeks or longer and found no difference on lean mass loss between high and normal protein weight loss diets although there were small but statistically significant effects on fat mass.
 Donald Layman has been a very strong advocate of high protein diets for lean mass preservation and believes that an intake of 2·5 g of the essential branched chain amino acid leucine is required at each meal with a minimum of 10 g/day(Reference Layman and Walker60). In his 12 month study of a comparison of a protein intake of 1·6 g/kg (carbohydrate/protein ratio of < 1·5) vs 0·8 g/kg (carbohydrate/protein ratio of >3·2) absolute lean mass loss was the same in each group (2·6 and 2·7 kg) but change in % fat mass loss differed (5 % vs 3 %) so that there was a relative sparing of lean mass compared with fat mass with a 2 kg greater fat loss in the high protein group(Reference Brinkworth, Noakes and Buckley38). Whether this difference in lean and fat mass translates into clinical differences in insulin sensitivity and glucose control is not clear as the evidence is quite contradictory with increases in fasting glucose(Reference Layman, Shiue and Sather61) as well as no change relative to a high carbohydrate diet(Reference Noakes, Keogh and Foster34).

 Blood pressure
 In weight stable studies Hodgson et al. (Reference Hodgson, Burke and Beilin62) have demonstrated that an increase in protein of about 5 % of energy in exchange for carbohydrate lowers BP by about 5 mm Hg in hypertensive people. The OmniHeart study showed similar effects (3·5 mm Hg in hypertensives(Reference Appel, Sacks and Carey63).
 Although a high protein weight loss diet over 12 weeks had no beneficial effects on insulin sensitivity or HbA1c, it did lower blood pressure quite significantly (10/18 mm Hg) even though weight loss was small and not different from the high carbohydrate diet (2·3 and 2·5 kg)(Reference Sargrad, Homko and Mozzoli64).

 Side effects
 It is commonly stated that a high protein diet could potentially reduce bone density and have adverse effects on kidney function, particularly in those with kidney disease. We have shown no adverse effects of a high protein diet in a 2 year weight loss study in postmenopausal women and no adverse effects on renal function in 40 patients with type 2 diabetes and microalbuminuria in a one year weight loss study (P. Clifton, unpublished data).

 Summary
 High protein diets (ad libitum or energy controlled) increase the loss of fat mass relative to lean mass in many studies with a clear reduction in plasma triglyceride. The rise in HDL cholesterol seen with high protein Atkins style diets may not be beneficial for vascular function and high saturated fat versions of the low carbohydrate diets should be avoided. Replacement of carbohydrate with protein lowers glucose and improves HbA1c and is worth considering as a dietary option in type 2 diabetes.
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 Fig. 1 Weight loss as a function of compliance and protein intake (redrawn from 16).

 

 

         



 
 [image: alt] 
 
 



 You have 
Access
 
 	46
	Cited by


 

   




 Cited by

 
 Loading...


 [image: alt]   


 













Cited by





	


[image: Crossref logo]
46




	


[image: Google Scholar logo]















Crossref Citations




[image: Crossref logo]





This article has been cited by the following publications. This list is generated based on data provided by
Crossref.









Uriarte, G.
Paternain, L.
Milagro, F. I.
Martínez, J. A.
and
Campion, J.
2013.
Shifting to a control diet after a high-fat, high-sucrose diet intake induces epigenetic changes in retroperitoneal adipocytes of Wistar rats.
Journal of Physiology and Biochemistry,
Vol. 69,
Issue. 3,
p.
601.


	CrossRef
	Google Scholar






van Baak, Marleen A.
2013.
Nutrition as a link between obesity and cardiovascular disease: how can we stop the obesity epidemic?.
Thrombosis and Haemostasis,
Vol. 110,
Issue. 10,
p.
689.


	CrossRef
	Google Scholar






Ziegler, O.
Chèvremont, A.
Corbonnois, P.
Böhme, P.
Langard, T.
and
Quilliot, D.
2013.
Analyse critique des régimes riches en protéines pour le traitement de l’obésité.
Médecine des Maladies Métaboliques,
Vol. 7,
Issue. 2,
p.
120.


	CrossRef
	Google Scholar






Garcia-Caraballo, Sonia C.
Comhair, Tine M.
Verheyen, Fons
Gaemers, Ingrid
Schaap, Frank G.
Houten, Sander M.
Hakvoort, Theodorus B.M.
Dejong, Cornelis H.C.
Lamers, Wouter H.
and
Koehler, S. Eleonore
2013.
Prevention and reversal of hepatic steatosis with a high-protein diet in mice.
Biochimica et Biophysica Acta (BBA) - Molecular Basis of Disease,
Vol. 1832,
Issue. 5,
p.
685.


	CrossRef
	Google Scholar






Beasley, Jeannette M.
and
Wylie-Rosett, Judith
2013.
The Role of Dietary Proteins Among Persons with Diabetes.
Current Atherosclerosis Reports,
Vol. 15,
Issue. 9,


	CrossRef
	Google Scholar






Leser, S.
2013.
The 2013 FAO report on dietary protein quality evaluation in human nutrition: Recommendations and implications.
Nutrition Bulletin,
Vol. 38,
Issue. 4,
p.
421.


	CrossRef
	Google Scholar






Hunter, Gary R.
Plaisance, Eric P.
and
Fisher, Gordon
2014.
Weight loss and bone mineral density.
Current Opinion in Endocrinology, Diabetes & Obesity,
Vol. 21,
Issue. 5,
p.
358.


	CrossRef
	Google Scholar






Neacsu, Madalina
Fyfe, Claire
Horgan, Graham
and
Johnstone, Alexandra M
2014.
Appetite control and biomarkers of satiety with vegetarian (soy) and meat-based high-protein diets for weight loss in obese men: a randomized crossover trial.
The American Journal of Clinical Nutrition,
Vol. 100,
Issue. 2,
p.
548.


	CrossRef
	Google Scholar






Mohamed, Suhaila
2014.
Functional foods against metabolic syndrome (obesity, diabetes, hypertension and dyslipidemia) and cardiovasular disease.
Trends in Food Science & Technology,
Vol. 35,
Issue. 2,
p.
114.


	CrossRef
	Google Scholar






Rouhani, M. H.
Salehi‐Abargouei, A.
Surkan, P. J.
and
Azadbakht, L.
2014.
Is there a relationship between red or processed meat intake and obesity? A systematic review and meta‐analysis of observational studies.
Obesity Reviews,
Vol. 15,
Issue. 9,
p.
740.


	CrossRef
	Google Scholar






Paoli, Antonio
2014.
Ketogenic Diet for Obesity: Friend or Foe?.
International Journal of Environmental Research and Public Health,
Vol. 11,
Issue. 2,
p.
2092.


	CrossRef
	Google Scholar






Gosby, A. K.
Conigrave, A. D.
Raubenheimer, D.
and
Simpson, S. J.
2014.
Protein leverage and energy intake.
Obesity Reviews,
Vol. 15,
Issue. 3,
p.
183.


	CrossRef
	Google Scholar






Paschino, Luisa
2014.
About… High-Protein Diets: Let's Discuss about it.
Giornale di Tecniche Nefrologiche e Dialitiche,
Vol. 26,
Issue. 3,
p.
262.


	CrossRef
	Google Scholar






Bel-Serrat, S
Mouratidou, T
Huybrechts, I
Cuenca-García, M
Manios, Y
Gómez-Martínez, S
Molnár, D
Kafatos, A
Gottrand, F
Widhalm, K
Sjöström, M
Wästlund, A
Stehle, P
Azzini, E
Vyncke, K
González-Gross, M
and
Moreno, L A
2014.
The role of dietary fat on the association between dietary amino acids and serum lipid profile in European adolescents participating in the HELENA Study.
European Journal of Clinical Nutrition,
Vol. 68,
Issue. 4,
p.
464.


	CrossRef
	Google Scholar






Raz, Olga
Steinvil, Arie
Rosenzweig, Tovit
Berliner, Shlomo
Shapira, Itzhak
and
Boaz, Mona
2014.
An eight-week high complex carbohydrate, energy restricted dietary intervention is associated with weight loss and a reduction of inflammation markers.
Bioactive Carbohydrates and Dietary Fibre,
Vol. 4,
Issue. 1,
p.
93.


	CrossRef
	Google Scholar






Mu, Chunlong
Yang, Yuxiang
Luo, Zhen
and
Zhu, Weiyun
2015.
Metabolomic analysis reveals distinct profiles in the plasma and urine of rats fed a high-protein diet.
Amino Acids,
Vol. 47,
Issue. 6,
p.
1225.


	CrossRef
	Google Scholar






Leidy, Heather J
Clifton, Peter M
Astrup, Arne
Wycherley, Thomas P
Westerterp-Plantenga, Margriet S
Luscombe-Marsh, Natalie D
Woods, Stephen C
and
Mattes, Richard D
2015.
The role of protein in weight loss and maintenance.
The American Journal of Clinical Nutrition,
Vol. 101,
Issue. 6,
p.
1320S.


	CrossRef
	Google Scholar






Alizade, Mohammad
Didarloo, Alireza
and
Esmaillzadeh, Ahmad
2015.
Dietary Patterns of Young Females and Their Association With Waist Circumference as a Health Index in Northwest of Iran, 2007.
Iranian Red Crescent Medical Journal,
Vol. 17,
Issue. 5,


	CrossRef
	Google Scholar






Shapses, Sue A.
and
Cifuentes, Mariana
2015.
Nutrition and Bone Health.
p.
561.


	CrossRef
	Google Scholar






Alkerwi, Ala’a
Sauvageot, Nicolas
Buckley, Jonathan D
Donneau, Anne-Françoise
Albert, Adelin
Guillaume, Michèle
and
Crichton, Georgina E
2015.
The potential impact of animal protein intake on global and abdominal obesity: evidence from the Observation of Cardiovascular Risk Factors in Luxembourg (ORISCAV-LUX) study.
Public Health Nutrition,
Vol. 18,
Issue. 10,
p.
1831.


	CrossRef
	Google Scholar





Download full list
















Google Scholar Citations

View all Google Scholar citations
for this article.














 

×






	Librarians
	Authors
	Publishing partners
	Agents
	Corporates








	

Additional Information











	Accessibility
	Our blog
	News
	Contact and help
	Cambridge Core legal notices
	Feedback
	Sitemap



Select your country preference



[image: US]
Afghanistan
Aland Islands
Albania
Algeria
American Samoa
Andorra
Angola
Anguilla
Antarctica
Antigua and Barbuda
Argentina
Armenia
Aruba
Australia
Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bermuda
Bhutan
Bolivia
Bosnia and Herzegovina
Botswana
Bouvet Island
Brazil
British Indian Ocean Territory
Brunei Darussalam
Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Canada
Cape Verde
Cayman Islands
Central African Republic
Chad
Channel Islands, Isle of Man
Chile
China
Christmas Island
Cocos (Keeling) Islands
Colombia
Comoros
Congo
Congo, The Democratic Republic of the
Cook Islands
Costa Rica
Cote D'Ivoire
Croatia
Cuba
Cyprus
Czech Republic
Denmark
Djibouti
Dominica
Dominican Republic
East Timor
Ecuador
Egypt
El Salvador
Equatorial Guinea
Eritrea
Estonia
Ethiopia
Falkland Islands (Malvinas)
Faroe Islands
Fiji
Finland
France
French Guiana
French Polynesia
French Southern Territories
Gabon
Gambia
Georgia
Germany
Ghana
Gibraltar
Greece
Greenland
Grenada
Guadeloupe
Guam
Guatemala
Guernsey
Guinea
Guinea-bissau
Guyana
Haiti
Heard and Mc Donald Islands
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran, Islamic Republic of
Iraq
Ireland
Israel
Italy
Jamaica
Japan
Jersey
Jordan
Kazakhstan
Kenya
Kiribati
Korea, Democratic People's Republic of
Korea, Republic of
Kuwait
Kyrgyzstan
Lao People's Democratic Republic
Latvia
Lebanon
Lesotho
Liberia
Libyan Arab Jamahiriya
Liechtenstein
Lithuania
Luxembourg
Macau
Macedonia
Madagascar
Malawi
Malaysia
Maldives
Mali
Malta
Marshall Islands
Martinique
Mauritania
Mauritius
Mayotte
Mexico
Micronesia, Federated States of
Moldova, Republic of
Monaco
Mongolia
Montenegro
Montserrat
Morocco
Mozambique
Myanmar
Namibia
Nauru
Nepal
Netherlands
Netherlands Antilles
New Caledonia
New Zealand
Nicaragua
Niger
Nigeria
Niue
Norfolk Island
Northern Mariana Islands
Norway
Oman
Pakistan
Palau
Palestinian Territory, Occupied
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Pitcairn
Poland
Portugal
Puerto Rico
Qatar
Reunion
Romania
Russian Federation
Rwanda
Saint Kitts and Nevis
Saint Lucia
Saint Vincent and the Grenadines
Samoa
San Marino
Sao Tome and Principe
Saudi Arabia
Senegal
Serbia
Seychelles
Sierra Leone
Singapore
Slovakia
Slovenia
Solomon Islands
Somalia
South Africa
South Georgia and the South Sandwich Islands
Spain
Sri Lanka
St. Helena
St. Pierre and Miquelon
Sudan
Suriname
Svalbard and Jan Mayen Islands
Swaziland
Sweden
Switzerland
Syrian Arab Republic
Taiwan
Tajikistan
Tanzania, United Republic of
Thailand
Togo
Tokelau
Tonga
Trinidad and Tobago
Tunisia
Türkiye
Turkmenistan
Turks and Caicos Islands
Tuvalu
Uganda
Ukraine
United Arab Emirates
United Kingdom
United States
United States Minor Outlying Islands
United States Virgin Islands
Uruguay
Uzbekistan
Vanuatu
Vatican City
Venezuela
Vietnam
Virgin Islands (British)
Wallis and Futuna Islands
Western Sahara
Yemen
Zambia
Zimbabwe









Join us online

	









	









	









	









	


























	

Legal Information










	


[image: Cambridge University Press]






	Rights & Permissions
	Copyright
	Privacy Notice
	Terms of use
	Cookies Policy
	
© Cambridge University Press 2024

	Back to top













	
© Cambridge University Press 2024

	Back to top












































Cancel

Confirm





×





















Save article to Kindle






To save this article to your Kindle, first ensure coreplatform@cambridge.org is added to your Approved Personal Document E-mail List under your Personal Document Settings on the Manage Your Content and Devices page of your Amazon account. Then enter the ‘name’ part of your Kindle email address below.
Find out more about saving to your Kindle.



Note you can select to save to either the @free.kindle.com or @kindle.com variations. ‘@free.kindle.com’ emails are free but can only be saved to your device when it is connected to wi-fi. ‘@kindle.com’ emails can be delivered even when you are not connected to wi-fi, but note that service fees apply.



Find out more about the Kindle Personal Document Service.








Effects of a high protein diet on body weight and comorbidities associated with obesity








	Volume 108, Issue S2
	
Peter Clifton (a1)

	DOI: https://doi.org/10.1017/S0007114512002322





 








Your Kindle email address




Please provide your Kindle email.



@free.kindle.com
@kindle.com (service fees apply)









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Dropbox







To save this article to your Dropbox account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Dropbox account.
Find out more about saving content to Dropbox.

 





Effects of a high protein diet on body weight and comorbidities associated with obesity








	Volume 108, Issue S2
	
Peter Clifton (a1)

	DOI: https://doi.org/10.1017/S0007114512002322





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Google Drive







To save this article to your Google Drive account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Google Drive account.
Find out more about saving content to Google Drive.

 





Effects of a high protein diet on body weight and comorbidities associated with obesity








	Volume 108, Issue S2
	
Peter Clifton (a1)

	DOI: https://doi.org/10.1017/S0007114512002322





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×



×



Reply to:

Submit a response













Title *

Please enter a title for your response.







Contents *


Contents help










Close Contents help









 



- No HTML tags allowed
- Web page URLs will display as text only
- Lines and paragraphs break automatically
- Attachments, images or tables are not permitted




Please enter your response.









Your details









First name *

Please enter your first name.




Last name *

Please enter your last name.




Email *


Email help










Close Email help









 



Your email address will be used in order to notify you when your comment has been reviewed by the moderator and in case the author(s) of the article or the moderator need to contact you directly.




Please enter a valid email address.






Occupation

Please enter your occupation.




Affiliation

Please enter any affiliation.















You have entered the maximum number of contributors






Conflicting interests








Do you have any conflicting interests? *

Conflicting interests help











Close Conflicting interests help









 



Please list any fees and grants from, employment by, consultancy for, shared ownership in or any close relationship with, at any time over the preceding 36 months, any organisation whose interests may be affected by the publication of the response. Please also list any non-financial associations or interests (personal, professional, political, institutional, religious or other) that a reasonable reader would want to know about in relation to the submitted work. This pertains to all the authors of the piece, their spouses or partners.





 Yes


 No




More information *

Please enter details of the conflict of interest or select 'No'.









  Please tick the box to confirm you agree to our Terms of use. *


Please accept terms of use.









  Please tick the box to confirm you agree that your name, comment and conflicts of interest (if accepted) will be visible on the website and your comment may be printed in the journal at the Editor’s discretion. *


Please confirm you agree that your details will be displayed.


















