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SYSTEMATIC REVIEW

Open

Effects of higher- versus lower-protein diets on health outcomes:
a systematic review and meta-analysis

N Santesso', EA Akl M Bianchi®, A Mente', R Mustafa', D Heels-Ansdell' and HJ Schiinemann'?*

BACKGROUND/OBJECTIVES: Numerous randomised controlled trials (RCTs) published in first tier medical journals have evaluated
the health effects of diets high in protein. We conducted a rigorous systematic review of RCTs comparing higher- and lower-protein
diets.

METHODS: We searched several electronic databases up to July 2011 for studies focusing on patient-important outcomes (for
example, cardiovascular disease) and secondary outcomes such as risk factors for chronic disease (for example, adiposity).
RESULTS: We identified 111 articles reporting on 74 trials. Pooled effect sizes using standardised mean differences (SMDs) were
small to moderate and favoured higher-protein diets for weight loss (SMD — 0.36, 95% confidence interval (Cl) —0.56 to — 0.17),
body mass index (—0.37, CI —0.56 to 0.19), waist circumference (—0.43, CI —0.69 to — 0.16), blood pressure (systolic: —0.21,
Cl —0.32 to —0.09 and diastolic: —0.18, CI —0.29 to — 0.06), high-density lipoproteins (HDL 0.25, Cl 0.07 to 0.44), fasting insulin
(—0.20, CI —0.39 to — 0.01) and triglycerides (—0.51, CI —0.78 to — 0.24). Sensitivity analysis of studies with lower risk of bias
abolished the effect on HDL and fasting insulin, and reduced the effect on triglycerides. We observed nonsignificant effects on total
cholesterol, low-density lipoproteins, C-reactive protein, HbA1c, fasting blood glucose, and surrogates for bone and kidney health.
Adverse gastrointestinal events were more common with high-protein diets. Multivariable meta-regression analysis showed no
significant dose response with higher protein intake.

CONCLUSIONS: Higher-protein diets probably improve adiposity, blood pressure and triglyceride levels, but these effects are small

and need to be weighed against the potential for harms.
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INTRODUCTION

International dietary guidelines recommend healthy diets with
higher energy intake from carbohydrates, a lower energy intake
from fat and a still lower energy intake from protein.” However,
there has been an enduring interest in the ideal balance of these
energy sources to achieve better health,* including the ideal
proportion of proteins in the diet. In fact, there is a wealth of
literature that includes randomised controlled trials (RCTs) that
have compared high-protein diets with low-protein diets and that
were published in high-impact medical journals.>® These studies
have led to various and often contradictory conclusions about
whether high-protein diets result in weight loss and other
important health benefits and why.

Before developing health care recommendations, it is necessary
to systematically review the evidence to determine the best
estimates of effect and the quality of that evidence.” The most
rigorous study design to measure these effects will come from
well-conducted RCTs, which can minimise the biases in
observational studies in particular in studies that are at risk for
residual confounding by lifestyle factors.” A number of narrative
reviews with their known biases have been published.® These
narrative reviews generally conclude that there is some evidence
that high-protein diets may have beneficial effects on adiposity
and other metabolic parameters, and hypothesise that the effects

may be due to increased thermogenesis and satiety.”'' One
review, focusing on body composition and weight loss, although
systematic in its methods and including randomised controlled
studies, drew similar conclusions, but by combining randomised
and nonrandomised studies the protection against bias and
confounding by randomisation was lost.'> Other reviews have
focused on single outcomes related to protein.'>'*

Therefore, we conducted a systematic review and meta-analysis
of RCTs to assess the benefits and harms of higher-protein
compared with lower-protein diets in the general population. Our
specific objectives were (1) to systematically assess the effect of
protein intake on health and other risk factors for chronic disease
in RCTs; and (2) to perform a meta-regression analysis of these
trials to test for a possible dose-response relationship between
protein intake and health indicators.

METHODS

Protocol, search strategy and selection criteria

Our methods generally follow the Cochrane Handbook for systematic
reviews of intervention.'> We developed a systematic review protocol and
searched Medline (1950 to July 2011), EMBASE (1980 to July 2011) and the
Cochrane Central Register of Controlled Trials Register, CENTRAL (July
2011). The search strategies combined key subject terms and text words,
and validated search filters'>'® with no language restrictions (see
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Supplementary Information 1). We reviewed reference lists for additional
studies. Two investigators independently screened all citations.

Studies were eligible if participants were adults (>18 years) and if at
least 80% of participants did not have medically indicated dietary
restrictions (for example, patients with diabetes or chronic renal disease),
or their results were reported separately. Our aim was to include studies
that would provide evidence applicable to a general population
consuming a diet of commonly found foods and for which equipoise
about the intervention existed at the time the study was conducted. This
criterion meant that studies of people with hyperlipidemia, hypertension
or metabolic syndrome were included. We included studies that were
designed for weight loss or not, or provided food to participants or not, as
long as the diet was based on foods that a general population could
incorporate into a diet. For this reason, studies using special meal
replacements or supplements were not eligible. We included RCTs that
compared higher- versus lower-protein diets using a 5% difference in total
energy intake. We considered protein intake based on the mean reported
amount of protein consumption within each diet group closest to the time
of follow-up. The choice of 5% was conservative when compared with the
targeted difference in protein intake in most large randomised trials that is
10% or more."””"'® We included studies with co-interventions (for example,
exercise programmes) only if they were applied similarly to both the
higher and lower protein groups so that they would not mask or
emphasise the effects of protein. For trials with a crossover design, we
considered only the period before the crossover to avoid any carry-over
effects or the last follow-up if the authors demonstrated no significant
carry-over effects in their analyses. In studies that compared two or more
higher-protein diets with one lower-protein diet, we used a split-half
approach to include data of the lower-protein diet and compared the
lower-protein group to each higher-protein diet group separately. For
studies in which there were two higher-protein diets and two lower-
protein diets, we included two comparisons between diets of similar
caloric content. Given assumptions that initial effects of weight loss diets
may be due to drastic water or muscle loss, the intervention period had to
be 28 days or more.

Our a priori primary outcomes were direct patient-important outcomes,
including death, cardiovascular diseases, cancer diagnosis, new onset
diabetes, renal disease, starting dialysis, bone health/fractures, quality of
life and adverse events. However, we expected little information for these
primary outcomes and a priori determined to accept surrogate outcomes
of the primary outcomes, including body mass index (BMI), weight, waist
circumference, blood pressure, lipid levels (total cholesterol, high-density
lipoproteins (HDL) and low-density lipoproteins (LDL)), C-reactive protein
(CRP), serum HbA1c, fasting serum blood glucose, fasting serum insulin,
triglycerides, serum creatinine and bone mineral density. One investigator
extracted data from eligible studies and a second verified the information
using a standardised, pilot tested form, and resolved disagreement by
discussion. We contacted authors via email up to two times to request
data. Event rates and continuous data were collected by available case
analys1i§ when provided by the author and at the last follow-up time of a
study.

Statistical analysis

We used random effect models to conduct meta-analyses of dichotomous
outcomes, and mean differences (MD) or standardised mean differences
(SMDs) of change scores for continuous outcomes using Review Manager
5.0. We interpreted an SMD <0.40 as a small effect size, 0.40-0.70 as
moderate and >0.70 as large.® Given these established ranges of effect
sizes, effect sizes (and their confidence intervals (Cls)) <0.2 were
interpreted as no difference if they were not statistically significant. To
aid interpretation of SMDs, we translated them back to their original units
by multiplying the pooled SMD with the pooled s.d. of the control group
differences measured at 3 months.'”

We conducted a priori subgroup analyses to determine whether or not
the effect of higher-protein diets varied by caloric intake (for example,
comparisons between diets that were hypocaloric, isocaloric or unlimited
caloric intake). The subgroups consisted of studies comparing diets in
which the higher-protein compared with the lower-protein diet yielded
> 100 kilocalories (kcal) more energy, > 100 kcal less or was within 100 kcal
of the lower-protein diet. A difference of ~0.45kg (1 pound) in weight loss
per month between higher- and lower-protein diets has been described in
studies that we found during scoping exercises.!" We calculated that a
3500-kcal reduction in energy intake causes an ~0.45kg weight loss that,
in turn, translates to a difference of ~100kcal in energy intake per day
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over 1 month. We performed post-hoc subgroup analyses by the
percentage of protein intake in higher-protein diets to explore whether
diets with a higher versus lower percentage protein intake resulted in
different outcomes (that is, percentage protein intake >30% versus,
20-30%, versus <20%). We assessed heterogeneity of the results using the
° test and P2, and further explored the heterogeneity if I was >50%."> We
performed sensitivity analyses by excluding studies with 20% or greater
loss of follow-up and dropouts, and created funnel plots for meta-analyses
to assess publication bias. We planned to do a subgroup analysis by type
of protein (animal versus plant sources), but too few studies reported the
protein source preventing us from conducting these analyses.

We performed a multivariable meta-regression analysis to examine the
dose-response relation between protein intake and the mean change in
outcomes, weighted by the inverse of the variance and adjusted for
important covariates. Two a priori models were constructed: (1) amount of
protein intake as the main variable and duration of diet intervention,
difference in total energy intake between the intervention and control diet,
and baseline BMI (base model) as covariates and (2) the primary model
with age, sex and difference in percentage of energy intake from
carbohydrates between the intervention and control diet added to the
model (full adjusted model). We used a random effects meta-regression
model using Proc Mixed, SAS version 9.1, according to Morris.>®

Secondary analysis

While we determined a priori to focus on change values because scoping
of the literature indicated that many of the possibly eligible studies were
small, many studies did not report change values. We, therefore,
conducted a secondary analysis on the end of study values. Similar to
the primary analysis, we used a random effects model in the meta-analyses
and calculated SMDs by pooling results using data from the last follow-up
reported in a study.

Quality of the body of evidence (confidence in the estimates of
effect)

We assessed the quality of evidence (that is, the confidence in the
estimates of effect) by outcome according to the Grading of Recommen-
dations Assessment, Development and Evaluation (GRADE) approach
(www.gradeworkinggroup.org).” The quality of evidence for each outcome
is graded in four categories from high to very low (see Table 2 for detailed
description of the categories).

RESULTS
Trial flow

The search identified 9658 unique citations for screening. We
identified 111 articles describing 74 eligible studies (Figure 1). We
contacted authors of 19 articles and received responses from 15.
The table of included studies and references to all articles are
provided in Supplementary Information 2, and the table of
excluded studies and reasons for exclusion are provided in
Supplementary Information 3.

Study characteristics

Participants were either healthy, overweight, obese, hypertensive
or had elevated lipid levels. The median age was 45 years, median
BMI was 33 (range: 22-43) and studies included more women than
men (64% versus 36%). The median protein content of the higher-
protein diets was 27% of the total energy intake (range: 16-45%)
and 18% (range: 5-23%) in the lower-protein diets. The MD across
studies of the total energy intake from protein was 10%. Only 11
studies (15%) reported the amount of protein as vegetable or
meat protein. Most studies were performed in North America.
Few studies (34%) measured adverse events. The majority of
studies (80%) measured outcomes at <6 months (Table 1 and
Supplementary Information 2 for more details).

Quality of the body of evidence

Less than 10% of the studies reported adequate randomisation
and/or allocation concealment. Almost 40% of the studies had
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Figure 1. PRISMA Flow Diagram of results of search.

greater than 20% loss to follow-up or dropout rates. We did not
detect publication bias in the meta-analyses. The summary of
findings table describes the quality of the body of evidence for
each outcome (Table 2).

Health outcomes

Figure 2 summarises the results of the meta-analyses for all
measured outcomes as pooled effect sizes or SMDs. The results of
the meta-analyses for each outcome are provided in
Supplementary Information 4. No included study measured the
incidence of death, cancer, diabetes, heart attack, stroke, dialysis
and other renal disease, or fractures.

Weight loss and adiposity. A total of 38 studies provided data for the
meta-analysis for weight change (2326 participants), 16 for BMI
(887 participants) and 15 for waist circumference (1214 partici-
pants). The pooled standardised effect sizes for changes in weight
loss (—0.36, CI —056 to —0.17, P=0.0002), BMI (—0.37,
Cl —056 to —0.19, P<0.0001) and waist circumference
(—043, CI —069 to —0.16, P=0.00001) were statistically
significant and represented small to moderate effects. However,
there was inconsistency (heterogeneity) across trials for weight
loss (?=77%, P<0.00001) and waist circumference (I*=75%,
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P<0.0001). Exploration of whether effects on adiposity varied
depending on energy content showed no significant
effects (interaction terms: weight loss P=0.31; BMI P=0.21; waist
circumference P=0.53). In the meta-regression, other covariates
did not influence waist circumference. However, a higher
BMI at the start of a study (in both models), and a more
similar energy intake between diets (in the base model only)
was associated with greater weight loss in people following
the higher-protein diet. In contrast, the magnitude of the
reduction in BMI was not associated with greater differences in
protein content (in the full model only). In the sensitivity
analyses excluding studies with more than 20% loss to follow-up
and dropouts, effect sizes were similar for weight loss and
BMI, and smaller for waist circumference (—0.2, CI —0.34 to
—0.07, P=0.003).

Translated to an effect at 3 months, the meta-analysis shows a
greater weight loss of 1.21kg (CI —1.88 to —0.57), a greater
decrease in BMI (— 0.51kg/m?, CI —0.77 to —0.26) and a greater
loss in waist circumference (—1.66cm, CI —2.66 to —0.62) in
higher compared with lower-protein diets (moderate-quality
evidence for all outcomes).

Blood pressure. Meta-analysis of 15 studies (1186 participants)
showed a small statistically significant decrease in systolic blood

© 2012 Macmillan Publishers Limited
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Table 1. Key characteristics of included randomised controlled trials®

Participant characteristics

Median (range) unless indicated otherwise

Number of participants

Age

Male/female (mean across studies)
BMI

Diet characteristics
Total daily energy intake (approximate kcal)
Lower-protein diets
Higher-protein diets

Protein (% total daily energy intake)
Lower-protein diets
Higher-protein diets

Carbohydrate (% total daily energy intake)
Lower-protein diets
Higher-protein diets

Fat (% total daily energy intake)
Lower-protein diets
Higher-protein diets

Study characteristics
Crossover trial
Loss to follow-up and dropouts >20%

Caloric content (difference between diets)

Higher-protein diets within 100 calories of lower-protein diets

Greatest duration of diet (see inclusion criteria):
1 to <3 months
3 months to <6 months
6 months or greater

Reporting type of protein (animal versus vegetable)

Higher-protein diets with > 100 calories more than lower-protein diets

Higher-protein diets with > 100 calories fewer than lower-protein diets

Reporting adverse events (for example, bone and kidney health, other adverse events)

54 (5-405)
45 years
36%/64%

33 (22-43)

1500 (1100-2800)
1500 (900-2800)

18% (5-23%)
27% (16-45%)

55% (27-78%)
38% (5-62%)

26% (11-53%)
32% (13-68%)

Number of studies (%)
9 (14%)
27 (36%)

13 (18%)
43 (58%)
6 (8%)

25 (34%)

32 (43%)
30 (41%)
12 (16%)

11 (15%)

Abbreviation: BMI, body mass index. ?Dietary amounts are actual dietary intake by participants, not targeted intake in study design.

pressure (SMD —-0.21, CI —0.32 to —0.09, P=0.0004) and
diastolic blood pressure (SMD — 0.18, CI — 0.29 to 0.06, P = 0.003).
The effect’s estimates were similar in the sensitivity analyses using
only studies with <20% loss to follow-up/dropout. There was no
interaction between diet type with different caloric content for
systolic (P=0.17) or diastolic blood pressure (P=0.42), nor any
association of covariates in the meta-regression analyses. Of note,
however, was a significant change with higher-protein diets at
20-30% energy intake, but not with 30% or more. Translated to an
effect at 3 months, the meta-analysis showed a greater mean
decrease of 3.2mmHg (CI —4.80 to — 1.35) in systolic blood
pressure and 1.75mmHg (Cl —2.81 to — 0.58) in diastolic blood
pressure with higher- compared with lower-protein diets (mod-
erate-quality evidence).

Lipid levels. The 21 studies (1368 participants) that reported total
cholesterol showed no difference and similar nonsignificant
changes in studies with <20% follow-up. Subgroup analysis
showed no significant differences by caloric content of diet
(interaction term P=0.31). About 23 studies (~ 1550 participants)
were included in the analyses for HDL and LDL cholesterol. HDL
cholesterol was significantly increased with higher-protein diets
(SMD 0.25, CI 0.07-0.44, P=0.007). However, we observed
heterogeneity (>=65%, P<0.00001), and the change in HDL
was no longer significant in the sensitivity analysis restricted to

© 2012 Macmillan Publishers Limited

studies with &It;20% loss to follow-up/dropout. Subgroup analysis
showed no significant difference with diets of different caloric
content (P=0.38) or protein. In addition, the meta-regression (full
model) across studies showed an inverse association between
greater differences in protein content of the diets and improve-
ments in HDL, and the lower carbohydrate content of the higher-
protein diet was associated with a higher HDL. There was no
difference in LDL cholesterol in the meta-analysis (SMD 0.00,
Cl —0.17 to 0.16, P=0.97), with similar results for studies with
<20% loss to follow-up, and nonsignificant differences by caloric
content (P=0.68). However, it was positively associated with
duration of the diet in the meta-regression. At 3 months, the effect
sizes translate to no difference in total cholesterol and LDL
cholesterol with higher-protein diets. However, we observed a
significantly greater increase in HDL cholesterol of 0.04 mmol/I (Cl
0.01-0.08) with higher- compared with lower-protein diets
(moderate-quality evidence for all outcomes).

C-reactive protein

The pooled effect size of five studies (398 participants) showed no
significant difference in CRP (0.01, CI — 0.23 to 0.25, P=0.95). At 3
months, this effect would translate into a nonsignificant increase
of 0.02mg/l (CI —0.05 to 0.54) (low-quality evidence). Subgroup
analysis showed nonsignificant differences with caloric content
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Table 2. Summary of findings table
Should higher-protein diets compared with lower-protein diets be used in people with no dietary restrictions to improve health?
Patient or population: people with no dietary restrictions
Settings: outpatient
Intervention: higher-protein diets
Comparison: lower-protein diets
Outcomes (at 3 months unless Effects in control and intervention groups No of Quality of the Comments
indicated) Participants evidence
(studies) (GRADE)
Lower-protein diets Higher-protein diets (95% Cl)
Weight loss (kg) The mean weight loss ranged The mean weight loss was 1.21 2326 (38 studies) PP®O Based on SMD —0.36
across control groups from lower (1.88-0.57 lower) Moderate®® (0.56 to —0.17)
0.25-11.6 kg
Change in BMI The mean change in BMI ranged The mean change in BMI was 0.51 887 (16) DOD®O Based on SMD —0.37
across control groups from 1-4 lower (0.77-0.26 lower) Moderate® (—0.56 to —0.19)
Change in waist circumference The mean change in waist The mean change in waist 1214 (15) DPPO Based on SMD —0.43
(cm) circumference ranged from circumference was 1.66 lower Moderate®? (—0.69 to —0.16)
1-7cm (2.66-0.62 lower)
Change in systolic blood pressure The mean change in systolic The mean change in systolic 1186 (15) PO®O Based on SMD —0.21
(mmHg) blood pressure ranged from blood pressure was 3.2 lower Moderate® (—0.32 to —0.09)
1-15mmHg (4.8-1.35 lower)
Change in diastolic blood The mean change in diastolic The mean change in diastolic 1186 (15) PPPO Based on SMD —0.18
pressure (mm Hg) blood pressure ranged from blood pressure was 1.75 lower Moderate® (—0.29 to —0.06)
0-8 mm Hg (2.81-0.58 lower)
Change in total cholesterol See comment See comment 1368 (21) PO®O No difference. Based on 0.04
(mmol/l) Moderate® (—0.1110 0.2)
Change in HDL cholesterol The mean change in HDL The mean change in HDL 1555 (23) DODO Based on SMD 0.23
(mmol/l) HDL > 1 mmol/l is cholesterol ranged from 0.31 cholesterol was 0.04 higher Moderate®© (0.07 to 0.4)
recommended lower to 0.09 higher (0.01-0.08 higher)
Change in LDL cholesterol (mmol/l) See comment See comment 1576 (23) PPP®O No difference. Based on SMD
LDL <3.0 is recommended Moderate® 0.06 (— 0.06 to 0.17)
Change in C-reactive protein The mean change in C-reactive The mean change in C-reactive 398 (5) DPOE 6 Based on SMD 0.01
(mg/l) protein ranged from 0-1mg/I protein was 0.02 higher (0.05 Low®,d (—0.23 to 0.25)
Normal <10mg/I lower lower to 0.54 higher)
HbA1c at 2-6 months—change See comment See comment 87 (3 studies) [SleY=Y=) No difference. Based on MD
values Low?™? 0.00 (—0.19 to 0.19)
Follow-up: 2-6 months
Change in fasting blood glucose See comment See comment 1089 (15) DPPO No difference. Based on SMD
(mmol/1) Moderate® —0.05 (—0.2to 0.1)
Normal ~4-5.5mmol/I
Change in triglycerides (mmol/I) The mean change in triglycerides The mean change in triglycerides 1623 (24) POP®O Based on SMD —0.51
<1.69 mmol/l recommended ranged from 0.85 lower to 0.1 was 0.24 lower (0.37-0.11 lower) Moderate™® (—0.78 to —0.24)
higher
Change in serum fasting insulin The mean change in serum The mean change in serum 718 (11) [CICESES) Based on SMD —0.2
(pmol/l) fasting insulin ranged from 100 fasting insulin was 7 lower Low™< (—0.37 to —0.03)
Normal <60 pmol/I lower to 75 higher (14 lower to 0)
Satiety and well-being Satiety The mean satiety score was 0.39 498 (7) PP 6 Two other studies—no
(positive effect is better) s.d.'s higher (0.09-0.69 higher) Low™d significant differences in
Follow-up: 1-6 months satiety.
1. Study measured quality of
life and significantly worse
with high protein.
2. Studies reported worse
mood with high-protein
diets, SMD 0.82 (0.33 to 1.31)
Adverse events (gastrointestinal See comment See comment 581 (7 studies) PO 6 No difference in overall
events, headache, and so on) Low?ef adverse events in 5/5 studies.
2/2 studies reported more
gastrointestinal problems.
Bone health See comment See comment 296 (5 studies) PPOO6 No differences were found.
Bone mineral density at total Low?>de9
body, lumbar and spine
Follow-up: 4-6 months
Kidney health (creatinine) (umol/l) The mean change in creatinine The mean change in creatinine 67 (2 studies) P66 Four other studies showed
Follow-up: 3 months — 7 pmol/I was 6.14 higher (2.49-9.79 higher) Very low®®9 nonsignificant changes in
both diets
GRADE Working Group grades of quality of evidence (i.e., the confidence in the estimate of effects)
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.
Abbreviations: BMI, body mass index; Cl, confidence interval; GRADE, Grading of Recommendations Assessment, Development and Evaluation; HDL, high-
density lipoproteins; LDL, low-density lipoproteins; SMD, standardised mean difference. ®Risk of bias in many studies, in particular those with poor reporting,
led us to lower the quality of evidence by one level. PWe observed heterogeneity that we could not explain but did not downgrade further. “Studies with
<20% loss to follow-up showed effects of higher-protein diets that were not statistically significant and we further downgraded for risk of bias. YFew
participants and/or events in the included studies, often resulting in wide Cls, created concerns about imprecision. *These studies could not be pooled in a
meta-analysis. 'Selective outcome-reporting bias is likely increasing the concern about risk of bias. %It is unclear if this outcome measure is a strong predictor of
the health outcome, and we downgraded for indirectness related to the outcome.
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between higher- and lower-protein diets (P=0.61 for the
interaction term), and there were no associations with covariates
in the meta-regression.

HbAlc. Three studies (87 participants) measured the change in
HbA1c at 2-6 months but the data could be pooled. Another
study reported nonsignificant differences in reduction in HbA1c.'
In the studies that could be meta-analysed, as shown in
Figure 3, we observed no difference in HbATc levels between
higher- or lower-protein diets (MD 0.00, CI —0.19 to 0.19, P =0.96)
(low-quality evidence).

Fasting blood glucose. Pooled analysis of 15 studies (1089
participants) showed no difference in fasting blood glucose
(SMD —0.05, CI —0.20 to 0.10, P=0.49) (moderate-quality
evidence). When comparing the results across studies with diets

Health outcomes
(number of participants)
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of different caloric content, we detected no difference (P=0.47 for
the interaction term). Meta-regression also showed no association
of the effect with covariates.

Triglycerides. The 24 studies (1623 participants) included in the
meta-analysis demonstrated a moderate statistically significant
decrease in triglycerides (SMD —0.51, CI —0.78 to —0.24,
P=0.0002) but heterogeneity was high (*=85%, P<0.00001),
and there was no interaction with higher-protein diets of different
caloric content (P=0.60) or associations with covariates in the
meta-regression. A smaller effect was seen in studies with <20%
follow-up (SMD —0.34, CI —0.46 to — 0.21). Based on the SMD
from the meta-analysis, there was a greater reduction in
triglycerides (—0.24mmol/l, CI —0.37 to —0.11) at 3 months
with higher- compared with lower-protein diets (moderate-quality
evidence).

Standardised Mean Difference
(95 confidence intervals)

Weight loss (n=2326) —B— -0.36 (-0.56, -0.17)
BMI (n=887) —a— -0.37 (-0.56, -0.19)
Waist circumference (n=1214) ———— -0.43 (-0.69, -0.16)
Systolic blood pressure (n=1186) —— -0.21 (-0.32, -0.09)
Diastolic blood pressure (n=1186) —— -0.18 (-0.29, -0.06)
Total cholesterol (n=1368) —— 0.04 (-0.11, 0.20)
HDL (n=1555) —— 0.25 (0.07, 0.44)
LDL (n=1576) —— 0.00 (-0.17, 0.16)
Triglycerides (n=1623) ———Il——— -0.51 (-0.78, -0.24)
C-reactive protein (n=398) —_— 0.01 (-0.23, 0.25)
Fasting glucose (n=1089) —— -0.05 (-0.20, 0.10)
Fasting insulin (n=689) —— -0.20 (-0.37, -0.03)
Satiety (n=498) —_— 0.39 (0.09, 0.69)
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Figure 2. Results of meta-analysis of outcomes using SMDs (difference between change values from baseline).
Health outcomes Mean difference
(number of participants) (95% confidence intervals)
HbA1c (n=87) » 0.00 (-0.19, 0.19)
Serum = 6.14 (2.49, 9.79)
Creatinine (n=67)
[ T 1 T T T T [ T T LA L S R B B B R A |
-1.0 1.5 4.0 6.5 9.0 11.5
Figure 3. Results of meta-analysis of outcomes using MDs (difference between change values from baseline).
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Fasting blood insulin. Pooled analysis of 10 studies (718 partici-
pants) showed a small significant effect (SMD — 0.20, CI —0.37 to
—0.03, P=0.02). However, in the meta-analysis of studies with
<20% follow-up the effect was nonsignificant. There was no
significant interaction with energy intake. Meta-regression of the
eight studies, however, showed no association of differences in
the covariates with fasting blood insulin. The overall pooled SMD
translates into a 7 pmol/l decrease (Cl — 14 to 0) after 3 months of
consuming a higher-protein diet with restricted calories (low-
quality evidence).

Bone health. No study measured the incidence of fractures.
Changes in bone mineral density were measured in five studies
at 2-6 months.?*>> There was no difference in total body bone
mean difference (MD 0.00, CI —0.02 to 0.03, P=0.82) in three
pooled studies, a statistically nonsignificant difference reported in
two studies,”>** and a statistically nonsignificant increase at the
lumbar spine (MD 0.60, CI — 0.34 to 1.54, P=0.21) in two pooled
studies.>** However, we observed heterogeneity (P =67%,
P=0.05). Change in bone mineral density at the hip was
measured in one study enrolling 130 participants®> and the MD
was nonsignificant (MD 0.61, CI —0.13 to 1.34, P=0.11). The
quality of the evidence for these outcomes was low.

Kidney health. Serum creatinine levels from 1 to 12 months were
measured in six studies. Data from two studies at 3 months could
be pooled®?” and showed a significant increase between diets

(MD 6.14pumol/l, CI 249-9.79, P=0.001) (very low-quality
evidence). The other fourszsst;i)dies reported nonsignificant

changes in both diet groups.

Quality of life and well-being

Quality of life was measured in one study and showed a
nonsignificant decrease.® Mood was pooled in two studies 3'>2
and showed large effects, which meant worse mood with higher-
protein diets (SMD 0.82, Cl 0.33-1.31, P=0.001). But pleasure was
not significantly different between diets.> Satiety (feeling full after
meals) and satisfaction with the diet were measured in nine
studies after 1-6 months, of which seven could be pooled. There
was a small increase in satiety with higher-protein diets (SMD 0.39,

Health outcomes (number of participants)

Weight (n=1945) _...
BMI (n=1290) ——
Waist circumference (n=699) _
Systolic blood pressure (n=1337) —.——

Diastolic blood pressure (n=1337)
Total cholesterol (n=1976)

HDL (n=2157)

LDL (n=2142) —

_._

Triglycerides (n=2157)

C-reactive protein (n=830)
Fasting glucose (n=1945)

Fasting insulin (n=1822)

—.__

i

B
-

-

Cl1 0.09-0.69, P =0.03). The quality of evidence for these outcomes
is low.

Adverse events. A total of 22 studies measured and reported
adverse events. Five studies analysed composites of adverse
events and found no difference between the diets. Gastrointest-
inal effects were specifically reported in four studies but could not
be pooled because relevant data were not available. Appel'®
reported a significant increase in bloating or fullness with higher-
protein diets (risk ratio 2.11, Cl 0.98-4.53, P=0.05), a
nonsignificant increase in dry mouth (risk ratio 2.00, Cl
0.70-5.72, P=0.20), and poor appetite (risk ratio 2.83, Cl
1.15-7.01, P=0.02). However, Due* and Leidy** found no
significant differences between diets in appetite or desire to eat.
Yancy® reported significantly more gastrointestinal problems with
higher-protein diets: constipation (68% versus 35%; P<0.001),
halitosis (38% versus 8%; P<0.001) and diarrhoea (23% versus 7%;
P=0.02). Fatigue did not differ between groups.'”® General
weakness (25% versus 8%; P=0.01), headache (60% versus 40%;
P=0.03), muscle cramps (35% versus 7%; P=0.001) and rash
(13% versus 0%; P=0.006) were all significantly increased with
higher-protein diets.> The quality of evidence for these outcomes
is low.

Dose response and overall effects of covariates

In the multivariable analysis (see Supplementary Information 5),
the base and full models that adjusted for duration of diet
intervention, differences in energy intakes, as well as carbohydrate
intakes between intervention and control group, baseline BMI and
age, and percentage of males in the studies showed no significant
dose response with higher protein intake on outcomes. The
beneficial effect of higher protein intake on BMI and HDL
cholesterol was significantly greater when the difference in
protein content between intervention and control diets was
smaller. These effects were found when variation in carbohydrate
intake (and consequently fat content), age and sex were taken
into account in the fully adjusted model.

Secondary analysis of end of study values

The results of the secondary analysis of end of study scores for all
health outcomes are displayed in Figure 4 and Supplementary

Standardised Mean Difference (95% Cl)

-0.07 (-0.16, 0.02)
-0.03 (-0.14, 0.08)
-0.05 (-0.24, 0.13)
-0.07 (-0.21, 0.07)
-0.03 (-0.15, 0.09)
0.00 (-0.16, 0.16)
0.21 (0.06, 0.35)
0.11 (-0.03, 0.25)
-0.42 (-0.61, -0.23)
0.01 (-0.17, 0.19)
0.06 (-0.05, 0.17)

-0.26 (-0.59, 0.07)

T —
-1.0 -0.5

Figure 4.
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Results of secondary analysis for each outcome as SMDs (difference in the end of study values).
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Information 6. Generally the results are consistent with those
adjusted for the baseline values (our primary analysis). The small
to moderate positive effects on HDL and triglycerides were
consistent with the effects found in the primary analysis. However,
in this analysis, higher-protein diets had smaller or no effect on
adiposity and blood pressure.

DISCUSSION

In this systematic review of 74 RCTs, the first of on this topic, we
compared higher- with lower-protein diets. While no study
assessed effects on direct patient-important outcomes, moder-
ate-quality evidence suggests that higher-protein diets probably
lead to greater weight loss, and loss in BMI and waist
circumference than lower-protein diets. After 3 months, the
observed effects translate into a 1.21-kg greater weight loss, a
greater reduction in BMI by 0.51 units and a 1.66-cm greater
reduction in waist circumference. However, we cannot rule out
that the effect of higher-protein diets on weight loss could have
been modified by BMI at the start of the diet (that is, the greater
the BMI the greater the weight loss seen with high-protein diets).
Across studies, we did not observe that greater differences in
protein intake were associated with better adiposity outcomes.
In fact, we observed that the beneficial effect of higher protein
intake on BMI and HDL cholesterol in the intervention diets
appear larger with smaller increases in protein content.

We found moderate-quality evidence that higher-protein diets
had nonsignificant effects or no effect on surrogate cardiovascular
disease outcomes: blood pressure, total cholesterol, LDL choles-
terol and CRP. However, we observed a small positive effect on
HDL cholesterol. We also observed moderate reductions in
triglycerides with higher-protein diets although this effect was
smaller when studies at lower risk of bias were analysed separately
(that is, studies with <20% loss to follow-up). These results do
corroborate results of studies suggesting that higher-protein diets
may result in better lipid profiles although these effects are likely
to be small.3® The results of the meta-regression also suggest that
the lower carbohydrate content of the high-protein diet
contributes to this positive change, although greater differences
in protein intake were not positively associated with better HDL
profiles.

Low to moderate-quality evidence suggests effects of higher-
protein diets on outcomes related to diabetes: HbA1c and fasting
blood glucose. We did find small reductions in fasting blood
insulin with higher-protein diets but this effect was no longer
significant in studies with <20% loss to follow-up. We found
very limited and low-quality evidence (due to a high likelihood
of selective outcome-reporting bias) for more adverse gastro-
intestinal events with higher- compared with lower-protein diets.

Limitations and strengths

The limitations of this systematic review relate to the available
research evidence. We conducted this research to identify RCTs
that measured patient-important outcomes, such as incidences of
stroke, heart attacks and diabetes. However, no study focused on
these outcomes and, therefore, the evidence we describe here is
based on pre-defined surrogate outcomes, such as adiposity
measures, lipid and other blood parameters. Although some of
these may be valid surrogates for future disease (for example,
blood pressure, HDL and LDL cholesterol, and waist circumfer-
ence) and some are of direct importance to patients (for example,
weight loss), the value of other outcomes is unclear (for example,
fasting blood insulin). We made every attempt to reduce the risk
of ‘double counting’ participants in the analyses by carefully
evaluating studies that were reported in multiple articles (often
without reference to the original study).

© 2012 Macmillan Publishers Limited
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The strengths of this review include the systematic approach to
a topic that has been characterised by unsystematic methods to
find, report, synthesise and interpret studies. In fact, our study is
the most comprehensive of this topic that has seen many high-
profile publications in key medical journals. In addition, this review
is the first to use meta-analyses of RCTs to determine the effects of
higher- versus lower-protein diets on health outcomes. We used
standard systematic review methodology to perform this review
and assess the risk of bias in studies and grade the quality of the
body of evidence. Furthermore, in this review we synthesised a
vast number of studies that included diets with an actually higher
protein content rather than studies in which the interventions
were labelled as high protein. Thus, we took a mechanistic
approach to determine the health effects of actually consuming a
diet higher in protein rather than evaluating the health effects in a
population that intended to consume a diet higher in protein.
In this way, we attempted to overcome the confounding effects of
adherence, providing information about whether or not higher-
protein diets should be recommended. Pooling the data of many
RCTs provided sufficient power to draw conclusions about many
of the outcomes. However, pooling the data also meant that
studies that differed in other ways were analysed together (for
example, hypocaloric and ad libitum diets). For this reason, we
performed subgroup analyses and multivariate meta-regressions
to explore heterogeneity and the potential for effect modification.
We found no consistent subgroup differences or effect modifiers,
including a lack of impact by the amount of protein intake (for
example, the higher the protein intake the better the outcome), by
energy or carbohydrate content, by BMI at the start of the diet, by
age, by sex or by duration of the study. While our primary analyses
focused on a comparison of change values, that is, the difference
between the changes from baseline to the end of study values,
our secondary analyses of post-intervention values generally
confirmed these results although the changes were generally
smaller and less likely to be statistically significant.

Implications

In this systematic review, we observed effects on weight loss and
BMI, which contradict the findings by Krieger et al.'> who
observed no effect of higher protein intake on body mass but
on reducing fat-free mass. That review, however, included single
arms from observational studies, as well as from RCTs, which even
after adjustment for covariates may not have accounted for other
known or unknown confounding factors leading to potentially
misleading results. However, the associations we observed were
not accompanied by a clear effect on all other outcomes.
Additionally, our findings suggest that protein diets emphasising
modest instead of large increases in protein content are more
likely to have favourable effects on risk factors (for example, BMI
and HDL), and thus a moderate amount of protein intake may be
of greater benefit. More research is needed about the effects of
high-protein diets on long-term patient-important outcomes such
as cardiovascular outcomes, adiposity outcomes and the effects
on quality of life after dietary changes. Further work is also needed
to determine if the type of protein (for example, animal versus
vegetable) could result in different effects. Greater rigour with
respect to allocation concealment and sequence generation,
blinding of assessors and avoiding loss to follow-up would
decrease the risks to bias in these lifestyle intervention studies.

In practice, higher-protein diets may have little effect on
intermediate cardiovascular outcomes, such as blood pressure and
glucose levels. High-protein diets probably result in small
improvements in weight loss and other measures of adiposity
and selected lipid parameters. However, the importance of a
slightly greater weight loss, loss in waist size or drop in
triglycerides would need to be balanced against any potential
harms that could occur.
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