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Background

 The pandemic of obesity is a major health issue. Obesity is a predisposing factor
for several chronic diseases, including CVD, hypertension, type 2 DM and cancer.

 There is controversy over the benefit of well-balanced diets and CV health. For
example,- low-carbohydrate diets (LCDs) have become popular in the last 20 years.

* Long-term safety of consuming LCDs remains controversial, and some available
studies suggest that LCD may increase the risk of CVD, total and cancer-specific
morbidity and mortality. However there are also single studies that reported
controversial and opposite results (lower CVD risk with LCD or no association with
mortality) in different populations.
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Purpose and key points about methods

* We prospectively examined the relation between LCD and all-cause and cause-specific (CVD,
stroke and cancer) mortality in a large and nationally representative US cohort. We validated
these results in a systematic review and meta-analysis of available prospective studies that
examined these associations.

* Using data from the NHANES study (survey cycles 1999-2010, n=24,825; mean follow-up 6.4
years), we estimated the energy adjusted intakes of protein, fat and carbohydrates for each
individual, using the residual method. This allows evaluation of the effect of an energy generating
nutrient, by using a simple regression of that given nutrient on energy intake to calculate the
residual. The carbohydrate categories were scored from 10 (lowest intake) to O (highest intake).

* The meta-analysis was designed, conducted and reported according to the MOOSE guidelines.
Finally 7 prospective cohort studies with 447,506 participants (mean follow-up 15.6 years)
published up to February 1, 2018 were included. We used adjusted Cox regression to determine
the risk ratio (RR) and 95%CI, as well as random effects models and generic inverse variance
methods, followed by a leave-one-out method for sensitivity analysis.
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Results: NHANES data

Multivariable-adjusted hazard ratios (95% Cls) for mortality across quarters of low carbohydrate diet
score and low carbohydrate-high protein diet score.
Quartiles of low carbohydrate diet
Q2 (n=6109) Q3 (n=6118) Q4 (n=6124) P

Total mortality Model1 | 1.11(1.02-1.96) 1.23(1.11-1.43) | 1.42(1.27-1.96) | <0.001

Model2 | 1.09(1.02-1.64) 1.19 (1.09-1.82) EEFIIRESNEIE <0.001
Cancer mortality Model1 | 1.12(1.08-1.16) | 1.19(1.04-1.42) <0.001

Model2 | 1.09(0.959-1.16) 1.13 (1.00-1.28) [EECTFUCEREIE <0.001
Coronary heart disease Model 1 1.22 (1.13-1.43) 1.39 (1.25-1.62) <0.001
mortality

Model2 | 1.19(0.98-1.36) 1.30(1.02-1.92) EEINIRCERCHN <0.001
Cerebrovascular disease Model 1 1.22 (1.14-1.34) 1.36 (1.19-1.73) <0.001
mortality Model2 | 1.18(1.00-164) | 1.22(1.042.10) [EELIEREEERNN <0.001

Q1 was considered as reference; Model 1 was adjusted for age, gender, race, education, marital status, poverty to income ratio, total energy intake,
physical activity, smoking and alcohol consumption; Model 2 was additionally adjusted for age, sex, gender, education, marital status, poverty to income
ratio, total energy intake, physical activity, smoking, alcohol consumption, body mass index, hypertension, serum total cholesterol and diabetes.

We also examined the link between total mortality and LCD for obese (BMI 230 kg/m?) vs non-obese (BMI <30 kg/m?) participants;
the link was stronger in the non-obese participants [obese= Q2: 1.02 (1.01-1.09), Q3: 1.11 (1.03-1.23), Q4: 1.19 (1.11-2.25) vs. non-
obese= Q2: 1.13 (1.07-1.19), Q3: 1.25 (1.11-1.76), Q4: 1.48 (1.37-2.01), p-interaction <0.001). In age groups (255 vs <55 years) the
link between LCD and total mortality was stronger for older participants (younger = Q2: 1.08 (1.02-1.012, Q3: 1.09 (1.03-1.20), Q4:
1.17 (1.10-2.01) vs older=Q2: 1.19 (1.10-1.30), Q3: 1.29 (1.13-1.63), Q4: 1.52 (1.41-1.79), p-interaction <0.001).
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Results: Meta-analysis

Study name Statistics for each study Hazard ratio and 96% CI Study name Statistics for each study Hazard ratio and 95% ClI
Hazard Lower Upper Hazard Lower Upper

ratio limit limit Z-Value p-Value ratio limit limit p-Value
Lagiou, 2007 1690 1013 2819 2010 0044 Lagiou, 2007 2360 0.692 8046 0170
Trichopoulou, 2007 1.750 1083 2.828 2286 0022 _— ! ’ ’ ’ )
Fung, 2010 1120 1011 1241 2165 0030 —— Fung, 2010 1.080 0.953 1.224 0.228 7
Nilsson, 2012 1320 1.058 1647 2459 0014 S Nilsson, 2012 1.220 0.800 1.860 0.356 I
Nakamura, 2014 0870 0741 1021 -1701 0089 — Nakamura, 2014  0.780 0.580 1.049  0.101 —
Li, 2014 1130 0911 1402 1112 0266 — - Li, 2014 1210 0.886 1.652 0.230 —_—
Mazidi, 2018 1320 1.147 1519 3872 0000 — Mazidi, 2018 1.510 1.192 1913 0.001 —

1147 1074 1224 4115 0000 - 1127 1.024 1.240 0.014 -
0.5 1 2 0.5 1 2
We showed a positive association between LCD and total mortality (RR: 1.15, A significant link between LCD score and CVD mortality was observed (RR: 1.13,
1.07-1.22, p<0.001, n=7 studies), with no risk of heterogeneity (/?=8.6, p=0.912). 1.02-1.24, p<0.001, n=6 studies), with no sign of heterogeneity (/%:11.2, p=0.849).
Study name Statistics for each study Hazard ratio and 95% ClI

Hazard Lower Upper
ratio limit  limit p-Value

Lagiou, 2007 1.040 0.972 1.113 0.254

Similar results were obtained for LCD score and risk of cancer mortality (RR: 1.08 Fung, 2010 1.280 1.022°1.603 0032
1.01-1.14, p=0.02, n=3 studies), with no sign of heterogeneity (/?:10.3, p=0.902). Mazidi, 2018  1.350 1.069 1.705 0.012
1.076 1.011 1146 0.020 -
0.5 1 2
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Conclusions and Key messages

* Impact on clinical practice:

Our study highlighted the unfavorable long-term effect of LCD on total and cause-
specific mortality, based on both individual data and pooling previous cohort studies.
Further studies to assess the effect of diet duration and clarify the mechanisms
involved in these associations are eagerly awaited. These results might help policy
makers to increase public awareness about the role of LCDs, and their potential harmful
effects.

* Impact on every-day life:

Short-term diet with low carbohydrates might be useful in order to improve body
weight, blood pressure, and parameters like blood glucose and lipids. However, given
that LCD diets seem to be unsafe, especially long-term, it would be preferable not to
recommend such diets, at least until further evidence becomes available.
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