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Once-Weekly Semaglutide in Adults with Overweight

or Obesity

John P.H. Wilding, D.M., Rachel L. Batterham, M.B., B.S., Ph.D., Salvatore Calanna, Ph.D., Melanie Davies, M.D.,
Luc F. Van Gaal, M.D., Ph.D,, Ildiko Lingvay, M.D., M.P.H., M.S.C.S., Barbara M. McGowan, M.D., Ph.D.,
Julio Rosenstock, M.D., Marie T.D. Tran, M.D., Ph.D., Thomas A. Wadden, Ph.D., Sean Wharton, M.D., Pharm.D.,
Koutaro Yokote, M.D., Ph.D., Niels Zeuthen, M.Sc., and Robert F. Kushner, M.D., for the STEP 1 Study Group*

ABSTRACT

BACKGROUND

Obesity is a global health challenge with few pharmacologic options. Whether
adults with obesity can achieve weight loss with once-weekly semaglutide at a dose
of 2.4 mg as an adjunct to lifestyle intervention has not been confirmed.

METHODS
In this double-blind trial, we enrolled 1961 adults with a body-mass index (the
weight in kilograms divided by the square of the height in meters) of 30 or greater
(227 in persons with 21 weight-related coexisting condition), who did not have
diabetes, and randomly assigned them, in a 2:1 ratio, to 68 weeks of treatment
with once-weekly subcutaneous semaglutide (at a dose of 2.4 mg) or placebo, plus
lifestyle intervention. The coprimary end points were the percentage change in body
weight and weight reduction of at least 5%. The primary estimand (a precise descrip-
tion of the treatment effect reflecting the objective of the clinical trial) assessed
effects regardless of treatment discontinuation or rescue interventions.
RESULTS
The mean change in body weight from baseline to week 68 was ~14.9% in the
lutide group as compared with ~2.4% with placebo, for an estimated treatment
difference of ~12.4 percentage points (95% confidence interval [CI], ~13.4 to ~11.5;
P<0.001). More participants in the semaglutide group than in the placebo group
achieved weight reductions of 5% or more (1047 participants [86.4%) vs. 182 [31.5%]),
10% or more (838 [69.1%)] vs. 69 [12.0%]), and 15% or more (612 [50.5%) vs. 28
[4.9%)) at week 68 (P<0.001 for all three comparisons of odds). The change in body
weight from baseline to week 68 was -15.3 kg in the semaglutide group as com-
pared with ~2.6 kg in the placebo group (estimated treatment difference, ~12.7 kg;
95% CI, ~13.7 to ~11.7). Participants who received semaglutide had a greater im-
provement with respect to cardiometabolic risk factors and a greater increase in
participant-reported physical functioning from baseline than those who received
placebo. Nausea and diarrhea were the most common adverse events with sema-
glutide; they were typically transient and mild-to-moderate in severity and subsided
with time. More participants in the semaglutide group than in the placebo group
discontinued treatment owing to gastrointestinal events (59 [4.5%] vs. 5 [0.8%)).

CONCLUSIONS

In participants with overweight or obesity, 2.4 mg of semaglutide once weekly
plus lifestyle intervention was associated with sustained, clinically relevant reduc-
tion in body weight. (Funded by Novo Nordisk; STEP 1 ClinicalTrials.gov number,
NCT03548935).
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A Body Weight Change from Baseline by Week, Observed In-Trial Data
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Weeks since Randomization

No. at Risk
Placebo 655 649 641 619 615 603 592
Semaglutide 1306 1290 1281 1262 1252 1248 1232
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Treatment comparison

Semaglutide 2.4 mg Placebo for semaglutide vs. placebo
once weekly once weekly [95% CI]
N=95 N=45

Body composition change from baseline to
week 68 (DEXA)

Total fat mass
Kg change -8.36 -1.37 ETD: —-6.99 [-9.79; —4.19]

Percentage-points change in total fat -3.48 -0.19 ETD: -3.29 [-4.94; -1.65]
mass proportion’

Regional visceral fat mass*
Kg change -0.36 -0.10 ETD: -0.27 [-0.39; -0.15]

Percentage-points change in regional -1.99 -0.01 ETD: -1.98 [-3.69; —0.27]
visceral fat mass proportion®

Total lean body mass
Kg change -5.26 -1.83 ETD: -3.43 [-4.74; -2.13]

Percentage-points change in total lean 3.04 0.09 ETD: 2.94 [1.40; 4.49]
body mass proportion”




Articles I

Once-weekly semaglutide versus placebo in adults with
increased fracture risk: a randomised, double-blinded,
two-centre, phase 2 trial

Morten S. Hansen, ™™ * Eva M. Walfel® Shakespeore Jeromdesefla * Jens-jakob K. Maller,” Charlotte Ejersted,* Nikdas R.jorgensen, ** Richard Eastell'
Stinus G. Marsen,? and Marten Frost™**

*Department of Endocrinology, Odense University Hospital, Denmark
“linical Institute, Faculty of Health Sciences, University of Southem Denmark, Denmark
men Patient Data Explorative Ne(wrt (OPEN), Odense University Hospital, Denmark
of Clinical Biochemi italet, Denmark
’Mlmnem of Clinical Medicine, Fuulty of Health and Medical Sciences, University of Copenhagen, Denmark
*Division of Clinical Medicine, University of Sheffield, Sheffield, United Kingdom
9Department of Diabetes and Endocrinology, Esbjerg Mospital, University Hospital of Southern Denmark, Denmark
"Steno Diabetes Centre Odense, Odense University Hospital, Denmark

Summary

Background Previous studies have indicated that glucagonike peptide-1 (GLP-1) receptor agonists (GLP-1RAs) may
enhance bone formation and have neutral or beneficial effects on fracture risk. We evaluated the effect of the GLP-
1RA glutide on the bone fc jon marker Procollagen type I N. inal propeptide (PINP) in adults with
increased fracture risk.

Methods This randomised, placebo lled, double-blinded, phase 2 clinical trial was conducted at two public
hosphklnbenmrk_Weum:Mﬂmaﬂnmwﬂllme&dﬁﬂmrhkhsdmafm<—lom
the total hip or lumbar spine andjor low-energy fracture within three years of recruitment. Participants were
nnbmkd(ll)budnmuuﬂymkaIOmgmphmhmpdmatyoulmmem
chznplnphsm(?)-?lNl’fmmhsdhnbwa&SZ Primary and safety d and

ich This trial is plete and regk d with ClinicalTrials.gov, NCI'N?OZSIG

Findings B March 24 and D ber 8, 2021, 55 (86%) postmenopausal women and nine men with a mean age
of 63 years (SD 5.5) and BMI of 27.5 kg/m?® (SD 4.5) were enrolled. There was no effect on changes in P-PINP from
baseline 1o week 52 between the two groups (estimated treatment difference (ETD) semaglutide versus placebo
3.8 pg/L [95% C1-5.6 to 13.3]; p = 0.418), and no difference in P-PINP levels between groups at week 52 (semaglutide
643 pg/L versus placebo 62.3 pg/L [95% CI -10.8 to 15.0); p = 0.749). The secondary outcomes showed higher
plasma levels of bone resorption marker Collagen type | crosslinked Coterminal telopeptide (P-CTX) in the
semaglutide group than in the placebo group (ETD 166.4 ng/L [95% ClI 25.5-307.3) p = 0.021). Compared to
placebo, Iumhrsplnemdbhlhlpuealbnnemlnenldudllu(aBMD)nmkwuhlhemaduﬂde
group after 52 weeks ((ETD lumbar spine -0.018 gjem® [95% Cl —0.031 to —0.005 p = 0.007); ETD total
hip ~0.020 g/em® (j95% CI ~0.032 to ~0.008]; p = 0.001). Treatment differences in femoral neck aBMD were not
observed ([95% CI [-0.017 to 0.006); p = 0.328). Further, body weight was lower in the semaglutide group than in
the placebo group after 52 weeks (ETD —6.8 kg [95% CI —88 to —4.7) p < 0.001). Thirty-one [97%] in the

utide group and 18 [56%] in the placebo group experienced at least one adverse event, incuding four
serious events (two in each group). No episodes of hypoglycaemia or deaths were reported.

Interpretation In adults with increased fracture risk, semaglutide once weekly did not increase bone formation based
on the bone formation marker P-PINP. The ob: d i in bone P in the glutide group may be

expliined by the accompanying weight loss.

Funding Region of Southern D rk, Novo Nordisk F dation, and Gangsted Foundation. Novo Nordisk provided
the investigational drug and placebo.

“Co ding authoe. of Erd [ Odense University Hospital, Denmark.
E-mail address: mosien sieen hassen esyd dk (M.S. Hansen).
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Hansen MS, Woélfel EM, Jeromdesella S, Mgller JK, Ejersted C, Jargensen
NR, Eastell R, Hansen SG, Frost M. Once-weekly semaglutide versus placebo
in adults with increased fracture risk: a randomised, double-blinded, two-
centre, phase 2 trial. EClinicalMedicine. 2024 May 3;72:102624. doi:
10.1016/j.eclinm.2024.102624. PMID: 38737002; PMCID: PMC11087719.
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Semaglutide and Cardiovascular Outcomes in Obesity
without Diabetes
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Marie M. Michelsen, M.D., Ph.D., Jorge Plutzky, M.D., Christoffer W. Tornee, Ph.D., and Donna H. Ryan, M.D.,
for the SELECT Trial Investigators*

ABSTRACT

BACKGROUND

Semaglutide, a glucagon-like peptide-1 receptor agonist, has been shown to reduce The authors’ affiliations are listed in the

the risk of adverse cardiovascular events in patients with diabetes. Whether sema- Appendix. Dr. Lincoffcan be contacted at

glutide can reduce cardiovascular risk associated with overweight and obesity in Ié::,‘;g::::,’;;;:,:‘: ?.:';:{;’32‘,_,;"

the absence of diabetes is unknown. ic, 9500 Euclid Ave., 2-3, Cleveland, OH
44195.

oA 4 E 3 *A list of the SELECT trial investigators

In a multicenter, double-blind, randomized, placebo-controlled, event-driven supe-  is provided in the Supplementary Ap-

riority trial, we enrolled patients 45 years of age or older who had preexisting  pendix, available at NEJM.org.

cardiovascular disease and a body-mass index (the weight in kilograms divided by 1his article was published on November

the square of the height in meters) of 27 or greater but no history of diabetes. 11,2023, and updated on November 30,

Patients were randomly assigned in a 1:1 ratio to receive once-weekly subcutaneous 2023 NEM-erg:

semaglutide at a dose of 2.4 mg or placebo. The primary cardiovascular end point N Engl) Med 2023;389:2221.32.

was a composite of death from cardiovascular causes, nonfatal myocardial infarc- z::ﬁ?xﬁ:ﬁﬁu o

tion, or nonfatal stroke in a time-to-first-event analysis. Safety was also assessed.

RESULTS at NEJM.org
A total of 17,604 patients were enrolled; 8803 were assigned to receive glutide

and 8801 to receive placebo. The mean (£SD) duration of exposure to semaglutide

or placebo was 34.2+13.7 months, and the mean duration of follow-up was

39.8+9.4 months. A primary cardiovascular end-point event occurred in 569 of the

8803 patients (6.5%) in the semaglutide group and in 701 of the 8801 patients

(8.0%) in the placebo group (hazard ratio, 0.80; 95% confidence interval, 0.72 to

0.90; P<0.001). Adverse events leading to permanent discontinuation of the trial

product occurred in 1461 patients (16.6%) in the semaglutide group and 718 pa-

tients (8.2%) in the placebo group (P<0.001).

CONCLUSIONS

In patients with preexisting cardiovascular disease and overweight or obesity but
without diab weekly sube glutide at a dose of 2.4 mg was supe-
rior to placebo in reducing the incidence of death from cardiovascular causes,
nonfatal myocardial infarction, or nonfatal stroke at a mean follow-up of 39.8

months. (Funded by Novo Nordisk; SELECT ClinicalTrials.gov number, NCT03574597.)

NENGL) MED 380:24 NEJM.ORG DECEMBER 14, 2023 2221

The New England Joumal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org on April 30, 2025. For personal use only.




Fractures

In SELECT, the cardiovascular outcomes trial in adults, more fractures of the hip and pelvis were
reported on semaglutide than on placebo in female patients: 1.0% (24/2448) vs. 0.2% (5/2424), and
in patients aged 75 years and older: 2.4% (17/703) vs. 0.6% (4/663), respectively.

https://www.ebs.tga.gov.au/ebs/picmi/picmirepository.n
sf/pdf?OpenAgent=&id=CP-2022-P1-01930-
1&d=20250501172310101




WEGOVY is indicated as an adjunct to a reduced-energy diet and increased physical activity for chronic weight
management (including weight loss and weight maintenance) in adults with an initial Body Mass Index (BMI) of:

e &ge30 kg/m2 (obesity), or

e &ge27 kg/m2 to <30 kg/m2 (overweight) in the presence of at least one weight-related comorbidity (see Section
5.1 Pharmacodynamic Properties — Clinical trials).




Weight regain after withdrawal of semaglutide: The STEP 1 trial extension
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The effect of semaglutide 2.4 mg once weekly on energy
intake, appetite, control of eating, and gastric emptying
in adults with obesity
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Abstract

Aim: To investigate the effects of once-weekly subc (sc)

2.4 mg on gastric emptying, appetite, and energy intake in adults with obesity.
Materials and Methods: A double-blind, parallel-group trial was conducted in
72 adults with obesity, randomized to onc kly s.c. glutide (dose-escalated

to 2.4 mg) or placebo for 20 weeks. Gastric emptying was d using -
mol ion following a d breakfast. Particip. eported appetite rat-
ings and Control of Eating Questi ire (CoEQ) were and

energy intake was measured during ad libitum lunch.

Results: The area under the concentration-time curve (AUC) for paracetamol O to
5 hours after a standardized meal (AUCo.snuws: primary endpoint) was increased by
8% (P = 0.005) with semaglutide 2.4 mg versus placebo at week 20 (non-significant
when corrected for week 20 body weight: P = 0.12). No effect was seen on AUCo.1n,
pars it observed conc jon, or time to maximum observed
paracetamol concentration. Ad libitum energy intake was 35% lower with semaglutide
versus placebo (1736 versus 2676 kJ; estimated treatment difference —940 kJ;
P <0.0001). Semaglutide reduced hunger and prospective food consumption, and
increased fullness and satiety when compared with placebo (all P <0.02). The CoEQ
indicated better control of eating and fewer/weaker food cravings with semagiutide
versus placebo (P <0.05). Body weight was reduced by 9.9% with semaglutide and
0.4% with placebo. Safety was consistent with the known profile of semaglutide.
Conclusions: In adults with obesity, once-weekly s.c. glutide 2.4 mg supp
appetite, improved control of eating, and reduced food cravings, ad libitum energy
intake and body weight versus placebo. There was no evidence of delayed gastric

ing at week 20, d indirectly via paracetamol absorption.

KEYWORDS
appetite, control of eating, energy intake, food craving, gastric emptying, GLP-1 analogue.
glucagon-fike peptide-1, obesity, randomized trial, semagutide

This ks an open access article under the terms of the Creative Commons Attribution-NonCommerdal Ucense. which permits use, distribution and reproduction in any
medium, provided the original work Is properdy dted and ks not used for commerdal purpases.
© 2020 The Authors. Diabetes, Obesity and Metabollsm published by John Wikey & Sons Ltd.

754 | wieyoiineltrary.com/journal/dom

Diabetes Obes Metab. 2021:23:754-762.







The DCCT Research Group

Weight Gain Associated With
Intensive Therapy in the
Diabetes Control and
Complications Trial

Identifiable risks such as increased frequency of
hypoglycemia accompany the treatment of insulin-
dependent diabetes mellitus (IDDM) with intensive
insulin therapy. During yr 1 of the Diabetes Control and
Complications Trial (DCCT), weight gain was identified
as a sequela of intensive insulin therapy. The DCCT

is a multicenter controlled clinical trial designed to
determine the long-term efiects of two different
diabetes treatment regimens on the early vascular and
neurologic complications of IDDM. Subjects randomized
to the intensive treatment regimen gained significantly
more weight (5.1 = 4.6 kg) than the standard treatment
subjects (2.4 = 3.7 kg, P < .0001) during the 1st yr of
therapy. Higher baseline HbA,, levels and greater
decrements in HbA,. during intensive therapy were both
associated with greater weight gain. In addition,
intensively treated subjects with one or more severe
hypoglycemic episodes gained more weight than the
intensively treated subjects with no severe episodes.
There was no relationship between reported caloric
intake or exercise level and the weight changes. These
data suggest that improved utilization of calories
through a decrease in glycosuria and perhaps other
mechanisms led to the weight gain in the intensively
treated subjects. The results from the 1st yr of
experience in the DCCT indicate that weight gain
accompanies efforts to lower blood glucose levels with
intensive insulin therapy. Because of the potential
adverse consequences of undesirable weight gain,
including diminished long-term compliance with therapy
and an adverse effect on blood pressure and lipid
status, efforts to prevent undesirable weight gain in the
intensively treated group of the DCCT are being
pursued. Diabetes Care 11:567-73, 1988

Rena R Wing and Patrica A. Cleary. A complete
p appeaned in Dishetes Cae 10:1-19, 1987
requests to The DCCT Research Group,

Prepared for the OCCT by
(o

DIABETES CARE, VOL. 11, NO. 7, JULY/AUGUST 1988

ntensive insulin therapy with insulin-delivery de-
vices or multiple daily injections (MDI) is being
used increasingly to treat insulin-dependent dia-
betes mellitus (IDDM). The putative benefit of low-
ering blood glucose levels with intensive therapy, es-
pecially with regard to the development and progression
of microvascular complications, is being investigated (1—
4). Although the definitive answer to whether such ther-
apy is beneficial must await the completion of long-term
controlled clinical trials, the risks of such therapy have
begun to be defined. Increased irequency of hypogly-
cemia has been noted to occur with intensive insulin
regimens (4), and diabetic ketoacidosis may be more
frequent in insulin-pump-treated patients (5-6). This
study from the Diabetes Control and Complications Trial
(DCCT) suggests that weight gain may be another con-
sequence of intensive therapy
The DCCT is a multicenter randomized clinical trial
to study the effect of two different diabetes treatment
regimens on the development or progression of early
vascular complications in people with IDDM. DCCT
subjects are randomly assigned either to a standard
treatment group or to an experimental treatment group;
the goal of the latter is to achieve blood glucose levels
as close to the nondiabetic range as possible while min-
imizing hypoglycemia. Results from the 1st yr of the
study reveal that weight gain is associated with experi-
mental therapy. We describe the magnitude of the weight
gain and the variables associated with weight gain dur-
ing intensive insulin therapy.

SUBJECTS AND METHODS

Subjects. DCCT eligibility criteria have been described
in detail (7). The eligibility criteria presented here will
be limited to those most pertinent to this study. In brief,
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Deiana, V., Diana, E., Pinng@E., Atzeni, M. G., Medda, F.,
Manca, D., et al. (201§ al features in insulin-treated
diabetes with coma imia, disordered eating
behaviors and eg s. European Psychiatry, 33(S1),
S81. doi:10.10




Risk of obesity in young
adults (over 8 year
period)
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Circulation. 1996 Jan 1;93(1):54-9. Persistent elevation of plasma insulin levels is
associated with increased cardiovascular risk in children and young adults. The
Bogalusa Heart Study. Bao W et al.
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Spalding KL, Arner E, Westermark PO, Bernard S, Buchholz BA, Bergmann O, Blomqvist L,
Hoffstedt J, Naslund E, Britton T, Concha H, Hassan M, Rydén M, Frisén J, Arner P (June 2008).
"Dynamics of fat cell turnover in humans". Nature. 453 (7196): 783-7.
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https://elemental.medium.com/major-study-supports-carbohydrate-insulin-model-of-
obesity-cb7d47a571d9

Ebbeling, C. et al. (2018). Effects of a low carbohydrate diet on energy expenditure during
weight loss maintenance: randomized trial. BMJ, k4583.
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RCT's (with statistically significant findings) comparing weight
loss on Low Carb vs Low Fat diets between 2003-2023
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3.1 Limit intake of foods high in saturated fat

3.1.1 Setting the scene

Continuing research into diet and cardiovascular disease emphasises reducing saturated fat in the diet, which
means limiting intake of foods with high saturated fat content. Fat is a nutrient in food but the term ‘fats’ has
also been applied to whole foods (e.g. butter, margarine and oils). Foods known as fats can also be ingredients
in other foods (e.g. cakes and biscuits) or added as a culinary adjunct (e.g. oil in cooking or dressings). As a
nutrient, fat has high energy value (fat delivers about 37 kJ/g, compared to around 17 kJ/g for carbohydrate
and protein).

The evidence indicates that replacing dietary saturated fat with monounsaturated and polyunsaturated fats is
associated with improved blood lipid profiles and reduced risk of cardiovascular disease. Replacing the type of
fatty acids in fats requires a total diet approach and is not always possible with all foods. Both the amount and
type of fat need to be carefully considered as all types of fat provide kilojoules and the proportion of total fat
in a diet influences energy intake, which may have an impact on weight management (see Chapter 1).

As people choose to eat foods, rather than food components or nutrients, the focus of this guideline
recommendation is on foods containing fats, not fatty acids per se. Information on particular types of fatty
acids is included in the NRV Document.®

Most fats in foods are in the form of triglycerides, which are made up of a unit of glycerol combined with
three fatty acids that may be the same or different. The differences between one triglyceride and another are
largely due to the fatty acids attached to the glycerol unit. Other dietary fats include phospholipids, phytosterols
and cholesterol.®

Over time, the understanding of physiological effects and pathways have been gradually refined — for example,
with the discovery of low-density and high-density cholesterol and more recently, the discovery of sub-fractions
of these.® Additional physiological characteristics are being studied as possible markers of cardiovascular risk
(e.g. vascular reactivity and carotid intima medial thickness). It is also apparent that not all fatty acids within
each group have the same effects — for example, stearic acid might not have the same effects as some other
saturated fatty acids (SFAs).®* However, as a general message to the public, limiting total dietary saturated fat
remains the best guide.
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Corn Oil in Treatment of Ischaemic Heart Disease
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It has been shown that ischaemic heart disease tends to be
associated with elevated levels of serum cholesterol, both in
populations (Keys et al., 1958) and in individuals (Kannel et al.,
1961). There is also evidence that population levels of serum
cholesterol are sometimes correlated with (among other charac-
teristics) a high intake of animal fats and a relatively low intake
of unsaturated vegetable oils (Bronte-Stewart et al., 1955).
Attempts to demonstrate such a correlation in individuals
between customary diet and serum-cholesterol level have been
unsuccessful (Morris ef al., 1963) ; but the level may be altered
by changes in fat intake (Ahrens et al., 1955 ; Gordon and
Brock, 1958 ; and Pilkington ef al., 1960).

From this it has seemed worth investigating the effects on
lschacmu: hgart dlsease of reducmg the level of serum
ic trials have been

(Stamler et al.,
1960; Oliver and Boyd, 1961), thh negative results. Neverthe-
less it is desirable to test the dietary hypothesis more directly.
The results of prophylactic trials of this kind are unlikely to be
available for some time. In the meantime it is of clinical
interest to know whether patients with utabhshed ischaemic
heart disease can be benefited by dietary lation. A simple
reduction of fat intake has falled to shaw any benefit (Ball et al.,
1964) ; but no adequately controlled “ double-blind ™ trial of
an unsaturated oil has yet been reported.

d for chol 11, h

Aims

Our purpose was to study the effects of prescribing a vegetable
oil and a restricted fat diet to patients with ischaemic heart

(3) Absence of heart failure, and also of any non-cardiac disease
likely to threaten life within two years. (4) Absence of personal
or geographical factors likely to interfere with clinic attendance
or the taking of oil.

thn a new patient was accepted for the trial a sealed

pe was opened the all ion instructions. In
the case of patients allocated to an oil group the instructions
referred only to a code number. Thus the physicians in charge
knew which patients were receiving oil, but they did not know
until the end of the trial the kmd of 011 that they were receiving.

All patients d at the discre-
tion of the physicians. At the time when the trial started
long-term anticoagulant therapy was seldom used. Later it

e more popular, especially for patients suffering
reinfarction. To avoid confusion by possible interactions
between treatments a few patients already receiving this treat-
ment were excluded from entry to the trial ; and in addition
the occurrence of infarction after entry was taken as an end-
point, the patient being then withdrawn from the trial.

Patients in both oil groups were instructed to avoid fried
foods, fatty meat, sausages, pastry, ice-cream, cheese, cakes
(except plain sponge), etc. Milk, eggs, and butter were
restricted. An oil supplement of 80 g./day was prescribed, to
be taken in three equal doses at meal-times. The general nature
and of were explained, together with the fact
that different patients were receiving different kinds of oil. No
advice on dietary fat was give to control patients.

All patients attended a special follow-up clinic, initially at
monthly intervals, and later every two months. Assessment was
hy dized hnstory, and electro-

i The

were assessed without

disease. The primary interest was in an oil with
a cholesterol-lowering effect. But large doses of any oil may
have secondary effects on diet and nutrition, so that differences
between an unsaturated-oil group and a control group might be
due to these secondary effects rather than to unsaturated fatty
acids as such. It could, for example, be relevant that mortality
from heart disease is low in Italy and Greece, whose inhabitants
consume much olive oil ; this oil has no major effect on serum-

cholesterol level, its main fatty acid (oleic acid) being only

mono-unsaturated. The trial was therefore designed to study
the effects not only of a more highly unsaturated oil (corn oil)
but also of olive oil. It seemed likely that if any differences
emerged between the olive-oil and corn-oil groups these would
reflect the specific effects of polyunsaturated fatty acids.

Methods

Patients were accepted for the tnal whu mct the followmg
criteria. (1) Either el of i

(abnormal Q/QS waves, or typical serial ST/T changes) or
clear history of angina of effort, meeting World Health
Organization precise criteria (Rose, 1962) with or without
changes in the resting electrocardiogram, but without valvular
disease, anaemia, or syphilis. (2) Age under 70 years.

* Senior Lecturer to the Medical Uml, St. Mary’s Hospital, London.
'ycombe Group Hospitals ; formerly
s Hoa ital, London.

fio@plul, Manchester ; formerly

ysician,
sﬁmunx Physician, Crum;
Registrar, St. erfl Hosplul, Lon

knowledge of the patient’s treatment group. The trial was
planned to cover three years’ observation of each patient ; but
by the end of two years only one-half of the patients remained
in the trial, the rest being dead, removed for reinfarction, or
lost to follow-up. Consequently the results for only the first
two years will be reported here.

Fears have recently been expressed, both within the profes-
sion and outside it, that clinical trials may sometimes operate
against the best interests of the patients. We would like to

TasLe 1.—Characteristics al Patients at Entry to Trial in the Three
Treatment Groups

| ‘Treatment Group

Control | Olive Oil | Corn Oil
Total No. of patient e 26 26 28
Mean age at ( ears) L. .. .. 588 550 526
»  body N . 718 71-4 759
iy S cholcstero (m;/woml) R 262 263
s . bt
R B oo U3 3 2
e S, sbnormal’ " 11 L ki A 2
1 .. ..
Wm’{ S 17 17 20
2 or more o 4 5 4
Resting BC.G. pormal .. 1 4 3
o 20 18 21
Diastolic B.. <90mm 9 14 13
» s >90mm. .. % 12 8 1
No exertional dyspnoea .. .. .. 9 7 15
Exertional dysp: iosS ER 12 15 °
No heart failure .. .. .. .. 14 15 19
Heart failure® .. .. .. .l 7 7 5

* Jugular venous congestion or oedema or basal fine rales.
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Abstract
Obj To the i of dietary

fat with omega 6 linoleic acid, for the secondary prevention of coronary
heart disease and death.

Design Evaluation of recovered data from the Sydney Diet Heart Study,

ity of lllinois at Chicago, Chicago, IL, USA

v11.0%, 1.70 (1.03 to 2.80), P=0.04; coronary heart disease 16.3% v
10.1%, 1.74 (1.04 to 2.92), P=0.04). Inclusion of these recovered data
in an updated meta-analysis of linoleic acid intervention trials showed
non-significant trends toward increased risks of death from coronary
heart disease (hazard ratio 1.33 (0.99 to 1.79); P=0.06) and
cardiovascular disease (1.27 (0.98 to 1.65); P=0.07).

a single blinded, parallel group, i trial conducted
in 1966-73; and an updated met lysis i these previously C Advice to poly fats for
missing data. fats is a key of dietary for coronary

Setting Ambulatory, coronary care clinic in Sydney, Australia.
Participants 458 men aged 30-59 years with a recent coronary event.

Inter Repk: of dietary fats (from animal fats,
common margarines, and shortenings) with omega 6 linoleic acid (from
oil and oil poly g Controls

received no specific dietary instruction or study foods. All non-dietary
aspects were designed to be equivalent in both groups.

O All cause ity (primary

cardiovascular mortality, and mortality from coronary heart disease
Y We used an i to treat, survival analysis
to i by group.

Results The intervention group (n=221) had higher rates of death than
controls (n=237) (all cause 17.6% v 11.8%, hazard ratio 1.62 (95%
confidence interval 1.00 to 2.64), P=0.05; cardiovascular disease 17.2%

heart disease risk reduction. However, clinical benefits of the most
abundant polyunsaturated fatty acid, omega 6 linoleic acid, have not
been i In this cobort, dietary linoleic acid in place
of saturated fats increased the rates of death from all causes, coronary
heart disease, and cardiovascular disease. An updated meta-analysis
of linoleic acid intervention trials showed no evidence of cardiovascular
benefit. These findings could have important implications for worldwide
dietary advice to substitute omega 6 linoleic acid, or polyunsaturated
fats in general, for saturated fats.

Trial registration Clinical trials NCT01621087.

Introduction

Advice to substitute vegetable oils rich in polyunsaturated fatty
acids (PUFAs) for animal fats rich in saturated fatty acids
(SFAs) has been a cornerstone of worldwide dietary guidelines




Test of Effect of Lipid Lowering by Diet on
Cardiovascular Risk

The Minnesota Coronary Survey

Ivan D. Frantz Jr., Emily A. Dawson, Patricia L. Ashman, Laél C. Gatewood,
Glenn E. Bartsch, Kanta Kuba, and Elizabeth R. Brewer

The Minnesota Coronary Survey was a 4.5-year, open enroliment, single end-time,
double-blind, randomized clinical trial that was conducted In six Minnesota state
mental hospitals and one nursing home. It involved 4393 Institutionalized men and
4664 Institutionalized women. The trial compared the effects of a 39% fat control dlet
(18% saturated fat, 5% polyunsaturated fat, 16% monounsaturated fat, 446 mg dietary
cholesterol per day) with a 38% fat treatment diet (9% saturated fat, 15% polyunsat-
urated fat, 14% monounsaturated fat, 166 mg dietary cholesterol per day) on serum
cholesterol levels and the Incidence of myocardial infarctions, sudden deaths, and
all-cause mortality. The mean duration of time on the dlets was 384 days, with 1568
subjects consuming the diet for over 2 years. The mean serum cholesterol level In the
pre-admission perlod was 207 mg/d|, falling to 175 mg/dl in the treatment group and
203 mg/dl In the control group. For the entire study population, no differences
between the treatment and control groups were observed for cardlovascular events,
cardiovascular deaths, or total mortality. A favorable trend for all these end-points
occurred In some younger age groups.

(Arteriosclerosls 9:129-135, January/February 1989)

he institutions chosen for the trial were the Minnesota

state mental hospitals at Anoka, Fergus Falls, Has-

. Moose Lake, St. Peter, and Willmar and the nursing
home at Oak Terrace. Before initiation of the experimental
phase, the populations were observed for a 3-year period,
during which their suitability for a long-term dietary trial
was studied. The feeding program began in the Willmar
State Hospital in November, 1968. The program was
phased in to the other institutions in succession over the
following 15 months. The trial was an outgrowth of the
National Diet-Heart Feasibility Study.?

Methods
Ethical Consliderations

The project was approved by the Clinical Research
Committee of the University and, after extensive discus-
sion with the relevant institutional committees, by each of
the collaborating hospitals. No consent forms were required
on the grounds that the two diets were both acceptable as
house diets and the tests all contributed to better patient
care. Before Initiation of the study in each hospital, all the
residents and staff were invited to a meeting at which the
investigators explained the project. Samples of the foods
were served at these meetings. There was a question and

From the Departments of Medicine, Biometry, and Laboratory
Medicine and Pathology, University of Minnesota, Minneapolls,
Minnesota.

This work was supported by Grant No. HE 09686 from the
National Heart, Lung, and Blood Institute.
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611 Beacon Street S.E., Minneapolis, MN 55455.
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answer period, and the residents were invited to make
appointments for one-to-one further explanations if they
wished. They were allowed to decline to participate or to
discontinue their participation at any time. Nonparticipants
were served the control diet, which was similar to the
pre-study institutional diets. Blood was not drawn from
nonparticipants, and electrocardiograms were not
recorded. Participation was nearly 100% with fewer than a
dozen refusals throughout the trial.

Experimental Plan

The original population was initially stratified into 512
cells on the basis of eight variables. These were: age, sex,
length of stay in the hospital, weight, blood pressure,
diabetes, cigarette smoking, and evidence by electrocar-
diogram of a previous myocardial infarction. When new
subjects were admitted later, they were divided among
four cells, based on only age and sex.

Two diets were served. The control diet involved little
departure from the institutional diet served before the trial.
The treatment diet represented a compromise between
the B and C diets of the National Diet-Heart Study, with
target values of 45% of calories from fat, a polyunsaturated/
saturated fat (P/S) ratio of 2.5, and less than 150 mg of
cholestero! daily.

Both diets were served in a single line. As a participant
entered the line, he or she was handed a label bearing his
or her name and a code number that was incomprehen-
sible to the uninitiated but easily interpreted by the food
servers to determine which diet was to be served. A new
set of 21 labels was prepared by computer each week for
each participant based on changes in the population
during that week. The label served multiple purposes.
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Re-evaluation of the traditional diet-heart hypothesis: analysis of
recovered data from Minnesota Coronary Experiment (1968-73)
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ABSTRACT

OBJECTIVE

To ine the traditional diet-heart hypoth

through recovery and analysis of previously
unpublished data from the Minnesota Coronary
Experiment (MCE) and to put findings in the context of
existing diet-heart randomized controlled trials
through a sy ic review and met lysi
DESIGN

The MCE (1968-73) is a double blind randomized
controlled trial designed to test whether replacement
of saturated fat with vegetable oil rich in linoleic acid
reduces coronary heart disease and death by lowering
serum cholesterol. Recovered MCE unpublished
documents and raw data were analyzed according to
hypotheses prespecified by original investigators.
Further, a ic review and met: ly of
randomized controlled trials that lowered serum
cholesterol by providing vegetable oil rich in linoleic
acid in place of saturated fat without confounding by
concomitant interventions was conducted.

SETTING

One nursing home and six state mental hospitals in
Mi United States.

Additional material is published
online only. To view please visit
the journal online.

Cite this as: BM) 2016;353:11246
/dx doi.org/10.1136/bmji1246

Accepted: 19 February 2016

PARTICIPANTS

Unpublished documents with completed analyses for
the randomized cohort of 9423 women and men aged
20-97; longitudinal data on serum cholesterol for the
2355 participants exposed to the study diets for a year
ormore; 149 completed autopsy files.
INTERVENTIONS

Serum cholesterol lowering diet that replaced
saturated fat with linoleic acid (from com oil and corn

WHAT IS ALREADY KNOWN ON THIS TOPIC

serum cholesterol

The traditional diet-heart hypothesis predicts that replacing saturated fat with
vegetable oils rich in linoleic acid will reduce cardiovascular deaths by lowering

This paradigm has never been causally demonstrated in a randomized controlled
trial and thus has remained uncertain for over 50 years

Key findings from landmark randomized controlled trials including the Sydney Diet
Heart Study and the Minnesota Coronary Experiment (MCE) were not fully published

WHAT THIS STUDY ADDS

oil polyunsaturated margarine). Control diet was high
in saturated fat from animal fats, common margarines,
and shortenings.
MAIN OUTCOME MEASURES
Death from all causes; association between changes in
serum cholesterol and death; and coronary
atherosclerosis and myocardial infarcts detected at
autopsy.
RESULTS
The intervention group had significant reduction in
serum cholesterol compared with controls (mean
change from baseline —13.8% v —1.0%; P<0.001).
Kaplan Meier graphs showed no mortality benefit for
the intervention group in the full randomized cohort or
for any prespecified subgroup. There was a 22% higher
risk of death for each 30 mg/dL (0.78 mmol/L)
reduction in serum cholesterol in covariate adjusted
Cox regression models (hazard ratio 1.22, 95%
confidence interval 1.14 to 1.32; P<0.001). There was no
evidence of benefit in the intervention group for
coronary atherosclerosis or myocardial infarcts.

ic review id ified five di ized
controlled trials for inclusion (n=10808). In meta-
analyses, these cholesterol lowering interventions
showed no evidence of benefit on mortality from
coronary heart disease (1.13, 0.83 to 1.54) or all cause
mortality (1.07, 0.90 to 1.27).
CONCLUSIONS
Available evidence from randomized controlled trials
shows that replacement of saturated fat in the diet
with linoleic acid effectively lowers serum cholesterol
but does not support the hypothesis that this
translates to a lower risk of death from coronary heart
disease or all causes. Findings from the Minnesota
Coronary Experiment add to growing evidence that
incomplete publication has contributed to
overestimation of the benefits of replacing saturated
fat with vegetable oils rich in linoleic acid.

Introduction

The traditional diet-heart hypothesis'? predicts that the
serum cholesterol lowering effects of replacing satu-
rated fat with vegetable oil rich in linoleic acid will
diminish deposition of cholesterol in the arterial wall,**
slow 1 of atherosclerosis,® reduce coronary

improved survival

Though the MCE intervention lowered serum cholesterol, this did not translate to

Paradoxically, MCE participants who had greater reductions in serum cholesterol
had a higher, rather than lower, risk of death

Results of a systematic review and meta-analysis of randomized controlled trials do
not provide support for the traditional diet heart hypothesis

thebmj | BMJ2016;353:11246 | doi: 101136/bmj 11246

heart disease events, and improve survival.¢” This diet-
heart paradigm is supported by evidence from random-
ized controlled trials showing that replacement of
saturated fat with linoleic acid lowers serum total cho-
lesterol and low density lipoprotein®*? and by observa-
tional evidence linking serum cholesterol to coronary
heart disease events and deaths (fig 1)."* Despite these
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Low-Fat Dietary Pattern

and Risk of Cardiovascular Disease
The Women's Health Initiative Randomized Controlled
Dietary Modification Trial

Barbara V. Howard, PhD; Linda

Van Horn, PhD: Judith Hsia, MD;
JoAnn E. Manson, MD; Marcia L.
Stefanick, PhD: Sylvia
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C Multiple epidemiologic studies and some trials have linked diet with car-
diovascular disease (CVD) prevention, but long-term intervention data are needed.
Objective To test the hypothesis that a dietary intervention, intended to be low in
fat and high in vegetables, fruits, and grains to reduce cancer, would reduce CVD risk.
Design, Setting, and Participants Randomized controlled trial of 48835 post-
menopausal women aged 50 to 79 years, of diverse backgrounds and ethnicities, who
participated in the Women's Health Initiative Dietary Modification Trial. Women were
randomly assigned to an intervention (19541 [40%]) or comparison group (29 294
[60%]) in a free-living setting. Study enrollment occurred between 1993 and 1998 in
40 US clinical centers; mean follow-up in this analysis was 8.1 years.

Intervention Intensive behavior modification in group and individual sessions de-
signed to reduce total fat intake to 20% of calories and increase intakes of vegetables/
fruits to 5 servings/d and grains to at least 6 servings/d. The comparison group received
diet-related education materials.

Main Outcome Measures Fatal and nonfatal coronary heart disease (CHD), fatal
and nonfatal stroke, and CVD (composite of CHD and stroke).

Results By year 6, mean fat intake decreased by 8.2% of energy intake in the inter-

; olins, DrPH:
nnlouise R.
A Bassford, MD:
Shirley A. A. Beresford, PhD: Henry R.
Black, MD: Robert L. Brunner, PhD;
Robert G. Brzyski, MD; Bette

Caan, DrPH: Rowan T. Chlebowski, MD:
Margery Gass, MD: Iris Granek, MD:
Philip Greenland, MD; Jennifer

Hays, PhD: David Heber, MD:
Gerardo H MD; Susan L.

Hendrix, Allan Hubbell, MD;
Karen C. Johnson, MD;

Jane Morley Kotchen, MD

LINICAL TRIALS AND OBSERVA-
tional studies have identified
strong associations between
low-density lipoprotein cho-
lesterol (LDL-C) level and other cardio-
vascular disease (CVD) risk factors and
dietary intake of fats, particularly

See also pp 629, 643, and 693.

vention vs the comparison group, with small decreases in saturated (2.9%), monoun-
saturated (3.3%), and polyunsaturated (1.5%) fat; increases occurred in intakes of veg-
etables/fruits (1.1 servings/d) and grains (0.5 serving/d). Low-density lipoprotein cholesterol
levels, diastolic blood pressure, and factor Vlic levels were significantly reduced by 3.55
mg/dL, 0.31 mm Hg, and 4.29%, respectively; levels of high-density lipoprotein cho-
lesterol, triglycerides, glucose, and insulin did not significantly differ in the intervention
vs comparison groups. The numbers who developed CHD, stroke, and CVD (annual-
ized incidence rates) were 1000 (0.63%), 434 (0.28%), and 1357 (0.86%) in the in-
tervention and 1549 (0.65%), 642 (0.27%), and 2088 (0.88%) in the comparison group.
The diet had no significant effects on incidence of CHD (hazard ratio [HR], 0.97; 95%
confidence interval [Cl], 0.90-1.06), stroke (HR, 1.02; 95% Cl, 0.90-1.15), or CVD (HR,
0.98; 95% Cl, 0.92-1.05). Excluding participants with baseline CVD (3.4%), the HRs
(95% Cls) for CHD and stroke were 0.94 (0.86-1.02) and 1.02 (0.90-1.17), respec-
tively. Trends toward greater reductions in CHD risk were observed in those with lower
intakes of saturated fat or trans fat or higher intakes of vegetables/fruits.
Conclusions Over a mean of 8.1 years, a dietary intervention that reduced total fat
intake and increased intakes of vegetables, fruits, and grains did not significantly re-
duce the risk of CHD, stroke, or CVD in postmenopausal women and achieved only
modest effects on CVD risk factors, suggesting that more focused diet and lifestyle
interventions may be needed to improve risk factors and reduce CVD risk.

Clinical Trials Registration ClinicalTrials.gov Identifier NCTO0000611

JAMA. 2006,295:655-666 www.jama.com
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article.
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heart disease and death.

Design Evaluation of recovered data from the Sydney Diet Heart Study,

ity of lllinois at Chicago, Chicago, IL, USA

v11.0%, 1.70 (1.03 to 2.80), P=0.04; coronary heart disease 16.3% v
10.1%, 1.74 (1.04 to 2.92), P=0.04). Inclusion of these recovered data
in an updated meta-analysis of linoleic acid intervention trials showed
non-significant trends toward increased risks of death from coronary
heart disease (hazard ratio 1.33 (0.99 to 1.79); P=0.06) and
cardiovascular disease (1.27 (0.98 to 1.65); P=0.07).

a single blinded, parallel group, i trial conducted
in 1966-73; and an updated met lysis i these previously C Advice to poly fats for
missing data. fats is a key of dietary for coronary

Setting Ambulatory, coronary care clinic in Sydney, Australia.
Participants 458 men aged 30-59 years with a recent coronary event.

Inter Repk: of dietary fats (from animal fats,
common margarines, and shortenings) with omega 6 linoleic acid (from
oil and oil poly g Controls

received no specific dietary instruction or study foods. All non-dietary
aspects were designed to be equivalent in both groups.

O All cause ity (primary

cardiovascular mortality, and mortality from coronary heart disease
Y We used an i to treat, survival analysis
to i by group.

Results The intervention group (n=221) had higher rates of death than
controls (n=237) (all cause 17.6% v 11.8%, hazard ratio 1.62 (95%
confidence interval 1.00 to 2.64), P=0.05; cardiovascular disease 17.2%

heart disease risk reduction. However, clinical benefits of the most
abundant polyunsaturated fatty acid, omega 6 linoleic acid, have not
been i In this cobort, dietary linoleic acid in place
of saturated fats increased the rates of death from all causes, coronary
heart disease, and cardiovascular disease. An updated meta-analysis
of linoleic acid intervention trials showed no evidence of cardiovascular
benefit. These findings could have important implications for worldwide
dietary advice to substitute omega 6 linoleic acid, or polyunsaturated
fats in general, for saturated fats.

Trial registration Clinical trials NCT01621087.

Introduction

Advice to substitute vegetable oils rich in polyunsaturated fatty
acids (PUFAs) for animal fats rich in saturated fatty acids
(SFAs) has been a cornerstone of worldwide dietary guidelines




Test of Effect of Lipid Lowering by Diet on
Cardiovascular Risk

The Minnesota Coronary Survey

Ivan D. Frantz Jr., Emily A. Dawson, Patricia L. Ashman, Laél C. Gatewood,
Glenn E. Bartsch, Kanta Kuba, and Elizabeth R. Brewer

The Minnesota Coronary Survey was a 4.5-year, open enroliment, single end-time,
double-blind, randomized clinical trial that was conducted In six Minnesota state
mental hospitals and one nursing home. It involved 4393 Institutionalized men and
4664 Institutionalized women. The trial compared the effects of a 39% fat control dlet
(18% saturated fat, 5% polyunsaturated fat, 16% monounsaturated fat, 446 mg dietary
cholesterol per day) with a 38% fat treatment diet (9% saturated fat, 15% polyunsat-
urated fat, 14% monounsaturated fat, 166 mg dietary cholesterol per day) on serum
cholesterol levels and the Incidence of myocardial infarctions, sudden deaths, and
all-cause mortality. The mean duration of time on the dlets was 384 days, with 1568
subjects consuming the diet for over 2 years. The mean serum cholesterol level In the
pre-admission perlod was 207 mg/d|, falling to 175 mg/dl in the treatment group and
203 mg/dl In the control group. For the entire study population, no differences
between the treatment and control groups were observed for cardlovascular events,
cardiovascular deaths, or total mortality. A favorable trend for all these end-points
occurred In some younger age groups.

(Arteriosclerosls 9:129-135, January/February 1989)

he institutions chosen for the trial were the Minnesota

state mental hospitals at Anoka, Fergus Falls, Has-

. Moose Lake, St. Peter, and Willmar and the nursing
home at Oak Terrace. Before initiation of the experimental
phase, the populations were observed for a 3-year period,
during which their suitability for a long-term dietary trial
was studied. The feeding program began in the Willmar
State Hospital in November, 1968. The program was
phased in to the other institutions in succession over the
following 15 months. The trial was an outgrowth of the
National Diet-Heart Feasibility Study.?

Methods
Ethical Consliderations

The project was approved by the Clinical Research
Committee of the University and, after extensive discus-
sion with the relevant institutional committees, by each of
the collaborating hospitals. No consent forms were required
on the grounds that the two diets were both acceptable as
house diets and the tests all contributed to better patient
care. Before Initiation of the study in each hospital, all the
residents and staff were invited to a meeting at which the
investigators explained the project. Samples of the foods
were served at these meetings. There was a question and
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Medicine and Pathology, University of Minnesota, Minneapolls,
Minnesota.
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answer period, and the residents were invited to make
appointments for one-to-one further explanations if they
wished. They were allowed to decline to participate or to
discontinue their participation at any time. Nonparticipants
were served the control diet, which was similar to the
pre-study institutional diets. Blood was not drawn from
nonparticipants, and electrocardiograms were not
recorded. Participation was nearly 100% with fewer than a
dozen refusals throughout the trial.

Experimental Plan

The original population was initially stratified into 512
cells on the basis of eight variables. These were: age, sex,
length of stay in the hospital, weight, blood pressure,
diabetes, cigarette smoking, and evidence by electrocar-
diogram of a previous myocardial infarction. When new
subjects were admitted later, they were divided among
four cells, based on only age and sex.

Two diets were served. The control diet involved little
departure from the institutional diet served before the trial.
The treatment diet represented a compromise between
the B and C diets of the National Diet-Heart Study, with
target values of 45% of calories from fat, a polyunsaturated/
saturated fat (P/S) ratio of 2.5, and less than 150 mg of
cholestero! daily.

Both diets were served in a single line. As a participant
entered the line, he or she was handed a label bearing his
or her name and a code number that was incomprehen-
sible to the uninitiated but easily interpreted by the food
servers to determine which diet was to be served. A new
set of 21 labels was prepared by computer each week for
each participant based on changes in the population
during that week. The label served multiple purposes.




was 0.86 to 1.12. After women with his-
tory of CVD at baseline were removed
(n=1656 [3.4%]), HRs (95% Cls) for
major CHD, composite CHD, stroke,
and total CVD were 0.93 (0.83-1.05),
0.94 (0.86-1.02), 1.02 (0.90-1.17), and

0.96 (0.89-1.03), respectively. The HR

for the 3.4% of women with CVD at
baseline was 1.26 (95% CI, 1.03-
1.54). We considered the potential con-
founding effects of changing medica-
tion use during the trial by examining
use of statins, aspirin, and angiotensin-
converting enzyme inhibitors at year 6.
All differences in medication use be-
tween groups were less than 1%.

In examining trends over time
(FIGURE 2), there was no apparent in-
fluence of the dietary intervention on
stroke at any point up to 9 years of fol-
low-up. There appeared to be a slight,
nonsienificant trend toward de-

LOW-FAT DIETARY PATTERN AND RISK OF CARDIOVASCULAR DISEASE

intake revealed no significant interac-
tions between the intervention group
and any of these variables (FIGURE 3),
either in the group as a whole or if
women with baseline CVD were ex-
cluded. A significant interaction was ob-
served between the intervention effect
and baseline disease (P=.006).

Additional Analyses

When the effect of the intervention
was assessed using adherence criteria
based on participation in intervention
activities,”® the HRs did not change.
Trends for changes in specific compo-
nents of the diet were examined by
evaluating CHD risk in individuals
stratified by quartiles of achieved levels
of key nutrients at year 1, using the
rate in the comparison group as the

reference. Analyses were adjusted for
ace. baseline CHD. and HT randomiza-

served toward reduction of CHD risk
among those in the intervention group
who reached the lowest levels of satu-
rated fat (HR, 0.81; 95% CI, 0.69-0.96
in the group that consumed <<6.1% en-
ergy; P<<.001 [adjusted HR, 0.82; 95%
CI, 0.67-0.99; P=.05]) and trans fat
(HR, 0.81; 95% CI, 0.69-0.95 in group
consuming <1.1% energy intake;
P<.001 [adjusted HR, 0.84; 95% CI,
0.69-1.02; P=.10]) or the highest in-
takes of vegetables and fruits (HR, 0.88;
05% CI, 0.76-1.03 in the group that
consumed =6.5 servings/d; P<<.001
[adjusted HR, 0.89; 95% CI, 0.74-
1.06; P=.11]). While these additional
analyses are subject to residual con-
founding because of reporting bias or
the lack of a comparable comparison
group, some confidence in their valid-
ity is supported by parallel patterns of
LDL-C reductions in particinants strati-
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Effect of reducing saturated fat
intake on cardiovascular disease
in adults: an umbrella review

Adolfo Aramburu*?*, Gandy Dolores-Maldonado®,
Katherine Curi-Quinto?’, Karen Cueva’,

Giancarlo Alvarado-Gamarra*, Katherine Alcala-Marcos®,
Carlos R. Celis* and Claudio F. Lanata**

Introduction: Our objective was to explore the effect of the reduction of
saturated fat (SAF) intake on cardiovascular disease, mortality and other health-
related outcomes in adults.

Methods: We conducted an umbrella review, searching Medline, Scopus,
EMBASE, Cochrane Library, and LILACS databases for systematic reviews from
December 1, 2012, to December 1, 2022. We have included meta-analyses of
randomized controlled trials (RCTs) and cohort studies. We extracted effect sizes
(95%Cl), heterogeneity (), and evidence quality rating based on the population,
intervention, comparator, and outcomes.

Results: 21 meta-analyses were included (three were from RCTs, and 18 were
from cohort studies). Among meta-analyses of RCTs, 15 of the 45 associations
were significant. The effect of reductionin SAF intake oncombined cardiovascular
events (RR 0.79, 95%CI 0.66~-0.93) was graded as having moderate certainty of
evidence. We found no effect on all-cause mortality, cardiovascular mortality,
cancer deaths, and other cardiovascular events. Among meta-analyses of
cohort studies, five of the 19 associations were significant. There was an
increase in coronary heart disease mortality (HR 110, 95% Cl| 1.01-1.21) and
breast cancer mortality (HR 1.51, 95% Cl 1.09-2.09) in participants with higher
SFA intake compared to reduced SFA. We found no effect on all-cause mortality,
cardiovascular mortality, and other cardiovascular events.

Conclusion: This umbrella review found the reduction in SAF intake probably
reduces cardiovascular events and other health outcomes. However, it has little
or no effect on cardiovascular mortality and mortality from other causes. More
high-quality clinical trials with long-term follow-up are needed.

Systematic review registration: CRD42022380859.
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adult, cardiovascular diseases, fatty acids, dietary fats, mortality




Elemental Balances during Intravenous Hyperalimentation

of Underweight Adult Subjects

DanieL RupMaN, WinniaMm J. MiLuikaN, Timotay J. RICHARDSON,
TraoMas J. Bxier, II, W. James Stacknousk, and

WirLiam C. McGarrrry

From the Departments of Surgery, Medicine, and Biochemistry, Emory
University School of Medicine, and the Clinical Research Facility, Emory

Tnineyeity H.
U y Hosp

51 Aslant.

, Georgia 30322

ABsTrACT Intravenous hyperalimentation was done
in 11 underweight adults whose body weight (body wt)
was less than 859 of ideal. For the first 6 days, “com-
plete formula” was infused furnishing per kilogram
ideal body wt per day: 15 g glucose, 040 g N, 0018 g P,
24 meq K, 3.0 meq Na, 2.3 meq Cl, 0.5 meq Mg, 0.45
meq Ca, and 50 ml HsO. Patients gained weight at an
average rate of 9.0 g/kg ideal body wt/day and showed
average balances/kilogram ideal body wt/day as fol-
lows: +0.14 g N; +0.012 g P; + 043 meq K; + 049
meq Na; + 0.37 megq Cl; and + 0.085 meq Ca. Applica-
tion of standard equati to the el I balances in-
dicated weight gain consisted of 335-509; protoplasm,
35-509; extracellular fluid, 5-259 adipose tissue, and
< 19 bone.

Withdrawal of N, P, Na, or K impaired or abolished
T ion of other el Removal of N halted reten-
tion of P, K, Na, and Cl; withdrawal of K stopped re-
tention of N and P; and removal of Na or P interrupted
retention of all other elements, Weight gain continued
at a rate of 1.4-3.1 g/kg ideal body wt/day despite zero

adult pat during hyperal
mental composition of the infusate.

INTRODUCTION

For emaciated patients who cannot satisfy their nutri-
tional requirements by eating, the intravenous hyperali-
mentation technique of Dudrick, Long, Steiger, and
Rhoads (1) provides a means of achieving rapid gain in
body weight (body wt).

Increase in body wt is caused by enhrgement of one
or more of four body P :pr 1 extra-
cellular fluid, adipose tissue, and bone. Each compart-
ment has a characteristic content of N, P, Na, K, Cl,
and Ca (2). N and K are largely intracellular, Cl is
almost exclusively extracellular, Na is two-thirds extra-
cellular and one-third skeletal, and Ca is located almost
entirely in bone. Therefore, retention of N and K indi-
cate net formation of protoplasm, retention of Cl reflects
net exp of extracellular fluid, and retention of Ca
shows net deposmon of mineral in bone, Provided that

ition of body tissues remains normal

depends on ele-

or negative elemental balances of N, K, P, and some-
times Na and Cl. Calculations showed that weight gain
during infusion of fluids lacking N, P, K, or Na con-
sisted largely of adipose tissue, with little or no contri-
bution by protoplasm or extracellular fluid.

Data show that repletion of protoplasm and extra-
cellular fluid of wasted adults by intravenous hyperali-
mentation is retarded or abolished if N, P, Na, or K is
lacking. Repletion of bone mineral does not occur in
absence of Na or P but proceeds in absence of N or K,
Repletion of adipose tissue proceeds in absence of N, P,
K, or Na. Thus, quality of weight gained by underfed

Recetved for publication 17 June 1974 ond in revised
form 28 August 1974,

during a penod of weight gain, the change in mass of
each compartment during the period can be estimated
from amounts of N, P, Na, K, Ca, and CI retained (3).

Hyperalimentation fluid provides glucose, amino acids
(furnishing N), P, Na, K, Cl, Ca, and Mg. Concentra-
tions of these elements in the fluid have varied from
one clinic to another (1, 4-9). Do these differing ele-
mental contents influence the quality of weight gained
by emaciated patients during intravenous hyperalimen-
tation? Are the ratios of increments in the four com-
partments influenced by the ratios of elements in the
hyperalimentation fluid? Can repletion of a particular
body compartment be selectively suppressed by omitting
an el pecific for that tment ?

¥

94 The Journal of Clinical Investigation Volume 55 January 1975-94-104
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Calcium intake influences the association of protein intake with
rates of bone loss in elderly men and women'#

Bess Dawson-Hughes and Susan S Harris

ABSTRACT

Background: There is currently no consensus on the effect of
dictary protein intake on the skeleton, but there is some indica-
tion that low calcium intakes adversely influence the cffect of
dictary protein on fracture nisk.

Objective: The objective of the present study was to determine
whether supplemental calcium citrate malate and vitamin D
influence any associations between protein intake and change in
bone mineral density (BMD).

Design: Associations between protein intake and change in BMD
ed 265 y)

were examined in 342 healthy men and women (a

who had completed a 3-y, randomized, placebo-controlled trial
of calcium and vitamin D supplementation. Protein intake was
assessed at the midpoint of the study with the use of a food-
frequency questionnaire and BMD was assessed every 6 mo by
dual-energy X-ray absorptiometry.

Results: The mean (£SD) protein intake of all subjects was
79.1 £ 25.6 g/d and the mean total calcium intakes of the supple-
mented and placebo groups were 1346 + 358 and 871 £ 413 mg/d,
respectively. Higher protein intake was significantly associated

with a favorable 3-y change in total-body BMD in the supple-
mented group (in a model containing terms for age, sex, weight,
total energy intake, and dictary calcium intake) but not in the
placebo g
increasing protein intake in the supplemented group was similar
to that for the total body.

Conclusion: Increasing protein intake may have a favorable
cffect on change in BMD in clderly subjects supplemented with
AmJC Nutr 2002;

roup. The pattern of change in femoral neck BMD with

calcium citrate malate and vitamin D.

75:773-9

KEY WORDS
bone mineral density, potential alkali, calcium absorption,
vitamin D, clderly

Calcium intake, protein intake, bone loss,

INTRODUCTION

Several studies have identified associations between dictary pro-
tein intake and bone mineral density (BMD) (1), rates of bone loss
(2. 3). and fracture incidence (3-5). In the original Framingham
cohort, subjects with lower total and animal protein intakes had
greater rates of bone loss from the femoral neck and spine than did
subjects consuming more protein (2). Munger et al (6) reported that

higher total (and animal) protein intake was associated with a

e corresponding editorial on page 609

reduced incidence of hip fracture in postmenopausal women. In
contrast, a high intake ratio of animal to plant protein was associ-
ated with greater bone loss from the femoral neck and a g
of hip fracture in women aged 265 y (3). Higher total and animal

ater risk

protein intakes were also associated with an increased nisk of fore-
arm fracture in younger postmenopausal women (4). Meyer et al
(5) noted no association between protein intake and risk of hip frac-
ture in most women, but among those with very low calcium
intakes (400 mg/d), a higher protein intake was associated with an
increased nisk of hip fracture. In a controlled, 1-y intervention

study, 2

g supplemental dietary protein/d improved hip BMD in
clderly patients with a recent hip fracture (7). All the patients in
that study reccived supplemental calcium and vitamin D.

Dietary protein has several opposing effects on calcium bal-
ance. First, it influences uninary calcium excretion over at least
the ensuing several months (8-10). Women placed on high-
protein diets have increased urinary calcium excretion and rises
in N-telopeptide, s
calcium results from increased bone resorption (11). In contrast,

sting that some of the increase in urinary

Shapses ct al (12) found that increased protein intake has no
cffect on bone resorption markers in subjects with calcium
Dictary protein may affect
intestinal calcium absorption, but the evidence for this is mixed.

intakes in the high-normal rang

Rats consuming high-protein dicts appear to compensate for
increased wrinary calcium losses by increasing net calcium
absorption (13). Balance studies in humans found little to no
cffect of dieta

ry protein on calcium absorption (8. 14, 15).
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Effect of phosphorus supplementation on weight gain and
waist circumference of overweight/obese adults: a randomized

clinical trial

1) Ayoub'#, MJA Samra'*, SA Hlais®, MS Bassil® and OA Obeid’

BACKG Phosph
on body welght in a controlled design has not been studied.

status is inversely ¢ d with body weight; h

the effect of phosph I

METHODS: Thlsbadoubie—bﬂndrandmh!d.placebO(onudleduhldﬁadmsagedIHSyealsMﬂ\abodymasshdex(BMJ
of 225kgm ™ and normal kidney function at the American University of Belrut. Participants were randomly assigned to the

placebo or phosphorus group where daily placebo or phosph

d with three main meals (breakfast,

lunch and dinner) for a period of 12 weeks. Primary outcomes were changes in anth trk

were
blood bol

(including lipid profile, glucose and Insulin) and subjective appetite scores. The trial is registered with Clinical Trial.gov,

NCT02329990.
RESULTS: Body weight was significantly lower in the phosph

roup when d with the placebo group (-0.65 kg (95%

kel
confidence Interval (Cl) —1.69 to 0.40) vs 1.13 kg (95% Cl 0.19 to 2.06), P=0.01). Similarly, BMI and walsl circumference were

lower in the phosph

up when compared with the placebo group (-024kgm ~*

(95% Cl -059 10 0.12) vs

group
0.42hgm"(95%(|0.05m&78),P 0.01; -362cm (95% Cl— A.Ww 2.33) vs 038cm (95% Cl - 0“(01.20).P<0.N1

respectively). Several

of subjective etite scores were d

d in the phosph: d group.

CONCLUSIONS: Phosphorus supplementation for 12 weeks significantly decreases body welght, BMI, waist circumference and
and

subjective appetite scores. These findings support a promising role of the mineral phosph
of action and longer-term effects still need to be elucidated.

of obesity, especially diposity. The exact mec

In the p

Nutrition & Diabetes (2015) 5, e189; dol:10.1038/nutd.2015.38; published online 21 December 2015

INTRODUCTION

d

that, we have previously found that phosphorus addition to

Obeslty Is increasing at alarming rates in many high-,
and low-income countries.” This is contributing to the develop-
ment of many bolic di including diab and
cardiovascular disease.

carbohydi loads significantly reduces ad libitum energy
intake at subsequent meal.'*
Given the mcreased prevalence of obestty among Individuals
I a of food ¢ low levels of
, It is ble to I that decreased

b ocnh

1 nball

Modemization, including foed Indi and
tion of food markets, has been correlated w\th the increased
consumption of products ¢ | of

phosphorus intake may be involved in the development of
obesity and its metabolic abnormalities. Hence, we conducted a
di d, placebo< lled trial to the effects of 12-

phosphorus such as refined cereals (whereby refi reduces
phosphorus content by ~ 70%), olls, sugars and sweeteners that
are currently contributing to = 50% of the food supply (kcal per
capita per day) in most countries® This has caused a decrease In
dally phosphorus ingestion to ~1-15gday™",** as compared
with our ancestors’ estimated intake of 25gday~" (based on
primarily raw, unprocessed foods with a 2500 kcal day ' diet and
~ 1 mg phosphorus per keal).*

Low phosphorus status has been positively assoclated with
increased body weight**” This may be attributed to the impact of
hepatic adenosine triphosphate (ATP), which depends on
adequate dietary supply of phosphorus, on suppressing food
intake**? This mechanism is supported by an inverse relation
between body weight and hepatic ATP status."®"? In line with

week phosphorus supplementation on bedy welght, body mass
index (BMI), waist circumference and subjective appetite scores in
overwelght and obese adults.

MATERIALS AND METHODS

Participants

After approval of the study by the institutional review board at the
American University of Beirut (Beirut, Lebanon), 63 aduits aged 18 to 45
years with a BMI > 25kgm~?, who provided signed informed consent,
were recruited from the general public using poster advertisements or
direct approach. Details about recruitment, randomization and follow-up
are presented in h?ute 1. Exclusion criteria included glomerulsr filtration
rate <6mimin~ per 1.73m’, presence of any significant medical
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