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Abstract

Objective: Low-carbohydrate diets and their combination with high-protein diets have been gaining widespread popularity
to control weight. In addition to weight loss, they may have favorable short-term effects on the risk factors of cardiovascular
disease (CVD). Our objective was to elucidate their long-term effects on mortality and CVD incidence.

Data sources: MEDLINE, EMBASE, 1SI Web of Science, Cochrane Library, and ClinicalTrials.gov for relevant articles published
as of September 2012. Cohort studies of at least one year’s follow-up period were included.

Review methods: Identified articles were systematically reviewed and those with pertinent data were selected for meta-
analysis. Pooled risk ratios (RRs) with 95% confidence intervals (Cls) for all-cause mortality, CVD mortality and CVD incidence
were calculated using the random-effects model with inverse-variance weighting.

Results: We included 17 studies for a systematic review, followed by a meta-analysis using pertinent data. Of the 272,216
people in 4 cohort studies using the low-carbohydrate score, 15,981 (5.9%) cases of death from all-cause were reported. The
risk of all-cause mortality among those with high low-carbohydrate score was significantly elevated: the pooled RR (95% ClI)
was 1.31 (1.07-1.59). A total of 3,214 (1.3%) cases of CVD death among 249,272 subjects in 3 cohort studies and 5,081 (2.3%)
incident CVD cases among 220,691 people in different 4 cohort studies were reported. The risks of CVD mortality and
incidence were not statistically increased: the pooled RRs (95% Cls) were 1.10 (0.98-1.24) and 0.98 (0.78-1.24), respectively.
Analyses using low-carbohydrate/high-protein score yielded similar results.

Conclusion: Low-carbohydrate diets were associated with a significantly higher risk of all-cause mortality and they were not
significantly associated with a risk of CVD mortality and incidence. However, this analysis is based on limited observational
studies and large-scale trials on the complex interactions between low-carbohydrate diets and long-term outcomes are
needed.
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Introduction In light of the worldwide obesity epidemic and the widespread

popularity of low-carbohydrate diets, explorations of their long-

A growing body of evidence has suggested that low-carbohy-
drate diets and their combination with high-protein diets are
effective in weight loss. [1-3] In addition, they reportedly
ameliorate the risk factors of cardiovascular disease (CVD) in
the short term, [4-6] which would decrease incident CVD and
mortality. However, recent cohort studies did not support this
hypothesis [7-12] and their long-term health benefit and risk
remain controversial. In fact, low-carbohydrate diets tend to result
in reduced intake of fiber and fruits, and increased intake of
protein from animal sources, cholesterol and saturated fat, all of
which are risk factors for mortality and CVD. [13,14].
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term health outcome are of clinical importance for the control of
weight. Moreover, they are crucial in the areas of public health,
since a modest increase in the risk of morbidity and mortality [15]
translates into a substantial social burden. These circumstances
prompted us to investigate, with greater precision, the effects of
low-carbohydrate diets on mortality and CVD incidence by
scrutinizing pertinent original reports and combining their data in
an attempt to obtain meaningful clues for the evaluation of benefit
and harm associated with dietary modification.
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Methods

Search ,

Searches of MEDLINE, EMBASE, ISI Web of Science,
Cochrane Library, and ClinicalTrials.gov from their inception
until September 12, 2012, were performed. Studies evaluating the
risks of mortality or CVD incidence among subjects with low-
carbohydrate intake, compared with those with high-carbohydrate
intake, were identified using a combination of the following
keywords: ‘low-carbohydrate diet’ or ‘carbohydrate-restricted
diet’, and ‘mortality’ or ‘survival’, and ‘cardiovascular disease’.
The reference lists of the pertinent articles were also inspected.

Selection

We assessed all the identified studies on the effects of low-
carbohydrate diets on mortality and CVD risk based on original
data analyses to determine their eligibility for inclusion in a
qualitative analysis. The inclusion criteria in the meta-analysis
were as follows: a published full-text report, randomized controlled
trials (RCT's) or observational studies of at least one year’s follow-
up period, reporting relative risks, i.e. hazard ratios (HRs), risk
ratios (RRs), or odds ratios with confidence intervals (CIs),
adjusted for at least three of the following possible major
confounders for CVD and death: age, gender, obesity, smoking
status, diabetes, hypertension, hypercholesterolemia, prior history
of CVD, and family history of CVD. Studies in which the low-
carbohydrate/high-protein (LC/HP) score was utilized to evaluate
the carbohydrate intake were also included.

Validity and Quality Assessment

To ascertain the validity of the eligible studies, the quality of
each report was appraised in reference to the CONSORT
statement [16] and the STROBE statement [17] as appropriate.
The quality of the studies that were included in the meta-analysis
were further evaluated using Newcastle-Ottawa Scale [18] with a
score of 5 or less (out of 8) indicating a high risk of bias.

Data Abstraction

We reviewed each full-text report to determine its eligibility and
extracted and tabulated all the relevant data independently. The
extracted data included the characteristics of the subjects
(including age, gender, and region), study design, published year,
follow-up period, outcomes and the methods used for risk
estimation. Any disagreement was resolved by a consensus among
the investigators.

Quantitative Data Synthesis

If more than one study was published for the same cohort with
identical endpoints, the report containing the miost comprehensive
information on the population was included to avoid overlapping
populations. The reports were summarized both qualitatively and
quantitatively.

In the computation of the low-carbohydrate diet score,
percentages of energy from protein and carbohydrate were
divided into deciles. [7] For carbohydrate, the lowest decile
received 10 points and the highest received 0 points, inversely. We
pooled the relative risk in the highest score (lowest-carbohydrate
intake) group with the lowest score (highest-carbohydrate intake)
group as a referent. If an original article classified diets by the
carbohydrate intake amount rather than the proportion to the
total energy intake, the inverse relative risk for the lowest intake
group was calculated with the highest intake group as a referent. If
a relative risk was given per score in the original study, the relative
risk in the highest score (lowest-carbohydrate intake) group was
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estimated by calculating the relative risk per score to the ninth
power with the lowest score (highest-carbohydrate intake) group as
a referent. Sensitive analysis was done using a composite LC/HP
score. For protein, participants in the highest decile received 10
points, participants in the ninth decile received 9 points, and so
forth. The protein and carbohydrate scores were then summed to
create the composite LC/HP score (ranging from 2 to 20), which
simultaneously assessed the position of each participant in terms of
protein and carbohydrate intake. [9] Thus, a participant with a
score of 2 was one with very high consumption of carbohydrates
and very low consumption of proteins, whereas a participant with
a score of 20 was one with very low consumption of carbohydrates
and very high consumption of proteins. We pooled the relative
risks similarly.

In the meta-analysis, each adjusted relative risk with low-
carbohydrate intake was combined and the pooled RR with a 95%
CI was calculated using the random-effects model with inverse-
variance weighting. If a study separately reported relative risks for
men and women, an overall estimate for the study was calculated
from the two relative risks using the fixed-effects model with
inverse-variance weighting and these single estimates were used in
the subgroup analysis evaluating the individual contribution of the
gender. [19] The results based on the LC/HP score were pooled
separately. Heterogeneity among the studies was evaluated using
I? statistics. RevMan (version 5.1) was used for these calculations.
All the procedures were in accordance with the guidelines for the
meta-analysis of observational studies in epidemiology [20] and
the PRISMA statement [21].

Results

Search Results

A total of 492 articles were identified during our search; of
these, 18 were assessed with respect to their eligibility for inclusion
in our review, which was aimed at determining the influence of
low-carbohydrate diets on mortality and CVD incidence (Fig. 1).
No RCTs were identified. One article [22] was excluded from the
systematic review because of population overlapping. Out of these
18 articles, a total of 17 cohort studies [7-12,14,23-32] were
included in the systematic review and meta-analysis.

Table 1 shows the characteristics of each included study
according to the published year. The 17 selected articles included
in the systematic review were moderately heterogeneous in terms
of population demographics, carbohydrate intake parameter, and
the assessment of confounding factors. The population sample size
in these studies ranged from 647 to 129,716. The majority of the
articles were published from Sweden and the United States (US).

The adjustment factors and the risk of bias among the studies
are summarized in Table 2 and Table S1, respectively. Major
confounding factors such as total energy intake were not stated in
two studies. [23,32] Few inspected any updates of the carbohy- -
drate intake over the follow-up period. Protein source was added
to analysis in 3 studies. [7,9,30] The risk of bias among the
researches involved in the meta-analysis was low.

Qualitative Summary

The all of the studies included in our analysis were method-
ologically good in quality. Regression coefficients of the multiple
logistic model were provided in two articles [23,24] and CI was
not estimable in another report. [32] Five articles analyzed the risk
by diet quality without quantifying carbohydrate intake. [14,25—
28] These 8 articles were not included in the subsequent meta-
analysis. Most of the studies included in the systematic review were
conducted in the US and European countries and their follow-up
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