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Introduction
This study investigates how a low carb diet compares against a low fat diet for cholesterol
and blood fats, along with cholesterol particle size, in young, healthy women.

Conclusions
Women experience increases in total, LDL, and HDL cholesterol from a low carbohydrate diet.

Women experience little change in cholesterol particle type and size on a low carbohydrate diet.

Amendments
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STUDY 8

Study Design & Additional Information

The researchers recruited 10 young, healthy, normal weight
women. All measures were done at the same time during the
menstrual cycle (follicular phase, before ovulation).

Participants all were subjected to one of two diets for 4 weeks.
The first diet was a weight maintenance diet that was low
carbohydrate (less than 10%) with majority of their food coming
from fat (60%), with no restrictions on the type of fat consumed
(saturated vs unsaturated). Then, they underwent a 4 week
washout period where they consumed their normal diet prior to
the study, then went onto the second diet, which was a balanced
diet with higher carbohydrates (55% of diet) and lower fat (25%).
They were also supplied a daily multivitamin.

Participants had blood measures taken at baseline (before
implementing the diets), then at the 2 week mark, and then
again at the 4 week mark, for each diet. This allows the
researchers to compare pre-diet vs post-diet, as well as diet vs
diet (low carb vs balanced). The participants also measured their
food for several days to get a sense of what they were eating.

On both diets, the participants lost a little weight, although not
statistically different from one another.
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ABSTRACT Very low carbohydrate diets are popular. yet little is known about their effects on blood lipids and
other cardiovascular disease nsk factors. We reported previously that a very low carbohydrate diet favorably
affected fasting and yighy . LOL and HOL HOL-C) in men but the
affects in women are unclear. We compared the effects of a very low carbohydrate and a low fat dist on fasting
lipids, postprandial lipemia and markers of inflammation in women. We conducted a balanced, randomized,
two-period, crossover study in 10 healthy women who both a low fat (<30% fat) and
a very low carbohydrate (<10% carbohydrate) diet for 4 wk each. Two blood draws were performed on separate
days at 0, 2 and 4 wk and an oral fat tolerance test was performed at baseline and after each diet period. Compared
with the low fat diet, the very low carbohydrate diet increased (P = 0.05) fasting serum total cholesterol (16%), LOL
chalesteral (LDL-C) {15%) and HOL-C (33%) and decreased serum triacylglycerals {—30%), the total chalesteral to
HDL ratio {—13%) and the area under tha 8- h postprandial lrlacylglyuaml curve (—31%). There were no significant
changes in LOL size or markers of (C-reactive protein, inte in-8, tumar necrosis factor-«) after the:
very low carbofydrate diet. In normal weight, i WomEn, a short-lem very low car diet
modestly increased LOL-C, yet there were favorable effects on cardiovascular disease risk status by vidue of a
relatively larger increase in HDL-C and a decrease in fasting and postprandial triaclyglycerols.  J. Nutr, 133:
27562761, 2003,
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A large number of people have adopred a dietary straregy
med at limiting carbohydrate intake. In many instances,
ates are restricted to < 10% of total energy. Because
i the production of ketones, very low car-
bohydrate diets are commonly referred to as ketogenic diets.
Deespite their pop mong the general population, very
low carhohydrare di ve heen widely criticized l\,- profes-
sional o a cientific information
demonstrating safery and efficacy (1,2). A recent USDA re-
view called for further research into the safery and efficacy of
low carbohydrate diets (3).

We reported previously that an S-wk very low carbohydrare
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* Aboreviations used: CAP, C-reactwe protein; CVD, cardiovascular disease;
HOL-C, HDL chalesteral ns-CRP, high sersitivity: 1D, intarmediate Uanaiwi
popratein; IL-6, madeukin-B; LOL-C, LOL cholestoral; LFL. Ipcproten lipase;
MUFA, monounsaturated fatty acids; THF-a, fumar necrosis factor o«

Other studies by these researchers have investigated the use of unsaturated fats and its
increasing of HDL (high density lipoprotein) cholesterol in the blood, while reducing
triglycerides (blood fats) in normally healthy men. The same result was seen in a low carb
diet not focused on unsaturated fats in healthy men. Low carb diet also increased the size
of LDL (low density lipoprotein) cholesterol in men with a genetic predisposition for
atherogenic particles.

This research is only in men and unknown if it happens in women, as well.

€ 2005 American Society for Mutriticnal Sci
April 2003, [ meview compheted H-J e \‘“ Revisivan agcepted 15 Jure 2003,
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glveerols, inereased HDL-C and increased LDL size) indepen-
dent of weight loss, Whether similar effects occur in women
remains unclear.

In recent years, it has become apparent that low grade
vascular inflammation plays & key role in all stages of the
pathogenesis of athercsclerosis (6,7). Several blood markers
indi wl vascular inflamma-
tion have recently been found to be associated with future
cardiovascular risk including proinflammatory cyrokines, such
as interleukin-6 ([L-6) and umor necrosis-a {THF-ae), and
the acute phase reactant Coreactive protein (CRF) (8,91,
More than a dozen population-based studics have shown that
CRP predicts furure cardiovascular events |fa\'iewad in (7))
Few data exist on the effects of different diets on CRP. Dara
from a recent study showed a greater reduction in CRF in
women after 3 mo of consuming a low energy [S021 kJ (1200
kealfd)] very low carbohydrate dier than after consuming an
energy-matched low fat dier (100, Whether a very low have-
carbohydrate diet would have similar advantages over a low fat
dier under condirions of weight maintenance is unknown.

Although it is difficult to estimate the number of people
wha have adopted a low carbohydrate dier, books advocaring
cathohydrare restriction have collecrively sold millions of cop-
ies in recent years. Despire this apparent public interest, few
studies have examined the effeces of very low carbohydrare
diers on blood lipids and other biomarkers of candiovascular
disease, making this an important public health issue. The
primary purpose of this study was to examine the effects of an
isnenergetic very low carbohydrate dier on fasting lipids, post-
prandial lipemia and markers of inflammarion in normal-
weight, normolipidemic women.

SUBJECTS AND METHODS

o saurated fat and <300 mg cholesterol. Foods encouraged
the low far diet u\LIudu.d whole grains (breads, cereals and
astas), frusitffruit juices, vepetabl ible oils, and Tow fat dairy
and mear producrs. We developed customized diaberic exchange lists
far the very low carbohydrate dier period in order to ensure a o

in 4 energy), fae {~60% enemgy
and carbohydrate (= 10% of enengy) throughour the day. There were
oo restrictions on the tpe of far from -a(ul ated and unsarurated
sources ¢ cholesterol levels. For the Low carhohydrate diet,
commonly consumed foods included hwd' lcn.r hambarger, steak),
poulery (e, chicken, wirkey), fish, ol 5 and pea-
nut hutter, moderate amounts of wvepetables, salads with low carbo-
hydrate dressing, moderare amounts of cheese, egas, protein powder,
and water of low carbohydrate dier drinks, Low carbolydrate bars and
shakes {Atkins Nutritionals, Hauppauge, NY) were provided to sub
jects during the very low carbohydrare dier period. A daily multivie
ramin/mineral complex [Tﬂp Care; Topoo Assoc., S + L) that
provided micronut Levels =100% of the recommended di-
etary allowance was given to subjects during both experimental
periods,

Al subjects received extensive initial inseruction and follow-up by
registered dictitians on how o rranslate foods/meals into diaberic
exchanges. Subjects were also proveded with a packer outlining spe-
cific. lists of approprinte foods, recipes and sample meal plans that
were comparible with their individual preferences for bath experic
mental periods, Subjects received follow-up counseling on a weekly
hasis during which time compliance was sssessed and further dictetic
education provided. Body mass was monitored weekly and the enes
Level adjusted if body mass flectuated =1 kg from the previows v

Subjects received thorough imstrctions for completing derailed
weighed food records during wk 1, 2 and 4 of each experiment
perind {21 d total). Food mesuring utessils o scales were provide
o subjects o ensure
heverages consumed. T'wd dmnu. were analyzed for energy and
HACEHIMICTONULEAL Conlent (NUTRITIONIET PRO), Version 1.3;
bank, The Hearst Corporation, San Bruno, CA). When
oods using standard nuerient ducabases, the sum of san-

1 and pol 1 far is less than the total

Subjects. Healthy normal weight (BM] < 25 kg/m?
demic women (n = 10} volunteered 1o participate in this inves
won; % were i and |1 \nm Asfan Amertcan, Thelr physical
charscteristics were (mem + 263 = 6.1 y: body mass, 598
+ 4.6 kg BMI, 220 = 18, mm Fody far, 268 = 3.0%. The
subjects had not lost ar gained weight in the previous year, They were
naot following special diets or regularly consuming nutritional supple-
s, and o v consumed between 27 and 31% of energy
us fat (ussessed via a 7-d food diary). All subjects were nonsmokers,
not prescribed any medication known to affect serum lipoproteins
and eumenorrheic, defined as 12 menstral perieds ar regular inge

All Blood samples were vined during d 2-4 of the
cubic phase to control for possible effeces of menserl phise on
lipoproteins, cven though the vasistion is small (1) The study was
conducted in accordance with the guidelines of the Instinurional
Review Board ar the University of Connecticur.

Stady design. A balanced, andomized, two-period, crossover
stidy design wa ts consumied two experimen:
wal dicts, i diet. Subjects
consumed each dicr for & wh Trefore crossing
over 1o the other diet, Subjects consumed theie habiual diet during
the 4wk break between fu..lmL pericds. Two blood dras were
performed on separate days at 0, 2 and 4 wk and an oral fat tolerance
rest was performed at baseline and after each feeding period. The
length I]\h‘. dier periods was sufficient 1o achieve stabilization of
bioad lpids basend om ot prior work (4351,

icts. Both expe 1 diets were designed to be
ienenergetic. Encry levels were assiged to the et 81T k] (200
Eeal)-increment based on resting encrgy expenditure ul\( ained wing

fat grams presumably because el far includes glycerol, mms fatty
acids and uthrr minor lipid components. To ensurc d hll \.lrl\h
di 1 the very ko die:
duily wsinyg reagent strips | Bay
stoacetic acid, which produces

Elkhurt. I~ }. 'Thc st is spccmc fio
a relative color change when it seacts with nitroprusside.
lood collection.  Blond samples were obtained on two separa
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days before, at the midpoine and after cach 4-wk period, Samples were
obtained after an overnight fast and abstinence from alechol and
strenuous exercise for 14 h. Sul ported to the labortory
berween 0700 and 0900 h, rested quiedy for 10 min in the supine
positicn; the Elood sapl il from an antecubital vein, was
then separated by centrifi t 1500 * g for 15 min at 4°C and
stored ar —80°C for subsequent analysis.

Orral far wlderance test,  An oral fan rolerance resr was performed
after each experimental period wsing standard procedures in our
labararory (4,3}, Subjects arrived ar the laboratory after a 12-h
overnight fast and abstinence from aleohol and strenuous exercise for
24 b A flexible catherer was inserted into a forearm vein and after 2
10-min seabilization pericd, two blood samples (10 min apar) were
collecrad for determination of tmacylglycesols. The test meal (150 mL
heavy whipping cream, sugarfree pudding, § ml. canola oil, 285 2
macadamia nuts) was then consumed. This meal provided 3.55 MJ,
13% L.ﬂlmll}dr.:u., 3 '|m‘h.m. B4% fax, 38 g saturated fa, 33 g

4e 1 fat and 207 myz chodesterol.
Postprandial Hoc\.l 58 nnplu- were obrained immediately after the meal
and hourly for a toal of 8 b Subjects rested quietly in a seared
pusition .|er consumed exactly 1 L of water omly during the 8 h

ey

0

1202 jsnfirng Z4 1o s

indirect calorimetry at th e of the stody and approp activity
Factirs, inbetic exchange lists were used to ensure 2 con-
stant energy and macronutrient halance of protein {—20% eneray),
far (- -’5“\ energy) and carbohydrate (-55% of energy) during the
low far dier pencd. The low far dier was also designed o contain

cric
Semm lipidls. Serum (=3 mL} was sent 1o a certified medical
(Quest s, Woalli 1L CT for imarion o

[ll[:l| cholesterol, HOL-C and wriscylglycerol concentrations wsing
auroemated ensymatic procedures (Clympus America, Melville, NY).
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SD

2. Low levels of inflammation seems to be linked to cardiovascular disease, whlch is measured
by endothelial dysfunction and vascular i on through pro-ir
markers/cytokines known as interleukin-6, tumor necrosis factor, and C reactlng protein.

SD: The researchers recruited 10 young, healthy, normal weight women. All measures were
done at the same time during the menstrual cycle (follicular phase, before ovulation).

Participants all were subjected to one of two diets for 4 weeks. The first diet was a weight
maintenance diet that was low carbohydrate (less than 10%) with majority of their food coming
from fat (60%), with no restrictions on the type of fat consumed (saturated vs unsaturated). Then,
they underwent a 4 week washout period where they consumed their normal diet prior to the
study, then went onto the second diet, which was a balanced diet with higher carbohydrates
(55% of diet) and lower fat (25%). They were also supplied a daily multivitamin.

Participants had blood measures taken at baseline (before implementing the diets), then at the 2
week mark, and then again at the 4 week mark, for each diet. This allows the researchers to
compare pre-diet vs post-diet, as well as diet vs diet (low carb vs balanced). The participants also
measured their food for several days to get a sense of what they were eating.

On both diets, the participants lost a little weight, although not statistically different from one
another.
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e LDL-C (123 [LDL-C
153, which was then

The Friedwald formula was wsed to calcula
= wotal cholesterol — (HDL-C + rriacy
converted o mmolfL by dividing by 387,
sublasses, TDL particle sioe win determined using nan-
gradient polyacrylamide gel e I.-((mph.mlx{ [mrmn( LIM. ‘s\\xum

TABLE 1

Daily intakes by normal weight warman of dietary enargy
and nutrients during very law carbohydrate
and fow fat diet periods! 2

.J N Mutrient Low fat
i e u.m xL]
\MR spectroscopy | 14). Seven hands of LDL, three kand> of i N
mediate density lipaprotein (IDL) and VLDL were quantitatively E‘mw RAS
evaluated using computer software (NIH imaging software, utilizing P\'uein.%a of energy 7os o4
she Lipoprint LDL macrol. The percentige of LDL, 1L and VLDL | g o 208 249 80
in each band and mean and peak LDL particle dismeter are regorted. | Garnatacrate, & of nergy 5 o
High sensitivity Coreactive protein (hs-CRP) and proinflamma. Sugar, g 97 + 28
tory cytokines, a for the rmination of the acute-phase Total fat, 34 +12
2 hs-CRF was mied with a dlluent 1o provide optimuom pH Total fat, % of emergy 19 = 5
amd ionic strength for the formation of antigen-: umh.d, cormplexis. Saturated fal, g o = 4 3
The mixture was then added to a susy of | b costed fat, g 9 o4 o
with specific anuh\.l\ to human CRP and the du.m of light- Polyunsaturated fat. g [T
& d on 111 le-Behring Model 2400 nep Meahal, % af energy 2 =2 3
Cholesterol, mg 123 =72 3
Dietary Fiber. g a0 « 7 =
1 Walugs are means = S0; @ = 10. A Differant from low fat at that 3
Mmm pol 1.~ M\l] with a time £ = 005, X . g
reader with SoftMax Pro data redu p 2 The analysis was performed on 21 d of diet records during each &
oF the 1Lo5 assay was 0,094 nglL and diet. 2
he sensitiviry of the TNFoo assay was. g
¢ OV was 10.97%. 3
< “«[ T'::]::’E;]L’R_‘f"l:: :‘l’”:‘::l'“ LDL-C was significancly reduced ar wk 2 (—14%) but did not
1| uk and ]mspns(cmt were calculared from both fasting samples differ ar wk 4 af the Tow far dier. Senum HI_}]
obrained ar cach time poine and used for staristical analysis, A cantly increased at wk 2 (+31%) and remained s
¢ ANOVA with repeared measures was used w evaluate elevared ar wk 4 (+33%) of the very low |_.1|l'>\||n\1rne dier.
ct n;_l.nn\.r time {pre-, mide, post-) and diet condition (low fat and HUL-C did nat differ after the low fat diet. Serum triacylg-
very low carbohydrare) for all blood concentrations. Tria Iycerols were significantly decreased after 4 wh (—33%) of the =
rotal arca under the e (AUC) was caleulated from very low carbohydrare dier. Serum triscylelycerols were signif- =
icantly increased at wk 2 {+44%) but did not differ at wk 4 of 2
the low far dier. Although rotal cholesteral was mederarely

n cffccts or interactions were further analyzed wsing @
Tukey's pest-hoc test. Changes during each of the owo diet periods
were compared using dependent ¢ rests, Relationships berween vard-
ables were examined wsing Pearson's. product-moment. correlation
coefficient. The c-level for sipnificance was set at (.05,

RESULTS

All dietary macronutrients differed  significantly  when
women consumed the very low carbohydrate diet compared
with rthe low far dier with the exception of dietary energy
{Table 1). We achieved our goals for each dier with 19% of
toral energy coming from far for the low far diet and 10% of
toeal energy coming from carbohydrace for the very low car-
bobydrte dier. All subjects were in ketosis throughour con-
sumption of the very low carbohydrate diet as indicated by
color changes on the ur ¢ reagent strips (data not shown),
There were small, significant decreases in body mass during
bath treatments, but the changes did not differ between the
very low carbohydrate (—1.2 + 0.8 kg) and the low far (0.8
+ 1.0 kg) dier periods.

Serum lipids.  There were significant diet by time interac-
tion effects for all serum lipids and the total cholnttm]f
HDL-C rario (Table 2). Toral cholesterol was -
increased after 2wk (+17%) and remained si nflt.anth' ele-
vated at wk 4 {+ 16%) of the very low carbohydrate diet. Total
cholesterol was significantly reduced at wk 2 2 (—6%) bur did
not differ ar wk 4 of the low far dier. Serem LDL-C followed
the same partern as total cholesterol and was significantly
increased after 2 whk (+16%) and remained significantly ele-
vared ar 4 whk (+15%) of the very low carbohydrare dier.

increased after the very low carbohydrate diet, the proportion-
ally larger increase in HDL-C sls.mjﬁcanrly decreased the toral =
cholesteral HDL-C ratio after 4 wh {—13%).

LDL subclasses. There were no ch:mgcs in the relative
percentage or concentration of LDL subclasses afrer consump.
tion of either diet (Table 3). There was a significant decrense
in the percentage of VLDL and IDL-B afrer the very low
carbohydrate diet. There was a significant association between
peak LD size at the stare of the study and the change in LDL
peak size with the very low c.nh:l\ydmle {r = 0.76) and low
fat {r = 0.71) diets (Fig. 1). Three of the 10 women started the
very low carbohydrare diet with a predominance of small LDL
particles (ie., pattern B) 1 demonsrrared moder-
ate to large increases in peak LDL size (ie., 26.9 to 17.6, 26.6
o 27,5 and 16.4 1o 17.6 nm).

ylglycerols values penerally
eturned o baseline
significant time and diet
condition * time interaction effects, Compared with the total
postprandial rriacylglyceral AUC ar baseline (94 = 31
mmaolfL % 8 h), there was a significantly lower response afrer
consumption of the very low carbohydrate diet {79 = 1.7
mmal/l. > & h) but nat the low far dier {10.3 = 3.3 mmal/L
* 8 hl.
High semimurj Cereactive protein (hs-CRP) and proin-
oyt i, There were no significant effects of
cither dict on hs-CRP {wery low ca |r|\nh',dnu 098 =023 o
0.85 = 0.24 my/L; low far, 087 + 033 10 083 * 0.34 mg/L),
L6 {very low carbohydeate, 191 & 114 ta 103 = 0,43 ngfl;
low far, 2.40 + 15010 096 + 0.41 ngfL), or TNF- {very low

| 202 1SNBIy ) U0 505N PUBIUEN, J0
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Table 1

This data shows the diet data these women were consuming on each diet (low carbohydrate or
balanced/low fat).

Primary Results:

- Energy intake on the Low Fat was 1578 kcalories.
- Energy intake on the Low Carb was 1794 kcalories.
- Protein was higher on the low carb diet.

- Sugar was higher for the low fat diet.

- Saturated fat was higher for the low carb diet.

- Unsaturated fat was higher for the low carb diet.

- Dietary cholesterol was higher for the low carb diet.
- Fiber was higher for the low fat diet.

Note: Although, statistically, there were no differences in energy intake... 1794 vs 1578 seems
substantial (over 200 kcalories a day), especially when considering this is with the same women,
so the variability will be lower. | wish the researchers had posted the actual p value, because |
suspect it was low and with a larger sample size, they might have seen a significant difference.
Also, considering both diets led to weight loss (see below or additional information section), yet
the diets were not statistically different from one another in that regard increases my suspicion
(with the energy intake data), that had the study lasted another 4 weeks per condition, there
would have been a difference.

3. The researchers point out that the participants lost a little weight on both diets, with no difference
between diets.
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TABLE 2
Serumn lipids in nermal weight women consuming very low carbahydrate and fow fat diets?
Very low carbohydrate Lew fat

wk 0 wh 2 Wk wh 2 wh 4 P-value?
Total cholesteral, mmol/L 461 + 0.88 5.38 + D.52"% 534 + D.89°% 478 + 081 453 + D.BB <0.00M
LOL-C.3 mmoiiL 284 + 0.66 3.41 £ 0378 337 £ 0.62°% an=orz 296 = DETS 00001
HOL-C, mmaliL 128 +0.29 167+ 033 189+ 038 130 + 0.28 1.20 = 0.24 =0.0001
Triacylglycerol, mmaoiL 086 + 0.32 0.69 = 0178 060 = 0.14°% 0.79 = D.60 082 = 0.28 0.0290
Total cholesterclHDL-C 372 0768 3.33 = 0.56 325 = 0.54" 377 = DET 386 = 0.70 00437
LOL-CHDL-C 239+ 063 213 = 0.52 208 + 050 2.48 » 064 2,53 + 060 0.08a7

T Values are mean = S0, 4 = 10.* Different from wi 0, P = 0.05; § difterent from whk 2, P = 0.05; ¥ different from low fat at that time. P = D.D5.

2 P-vaiue for interaction batween diet and time.
3 LDL-C, LDL cholesterol; HDL-C, HOL cholesterl,

carbohydrate, 7.50 + 0.74 1o 5.99 = 0.38 ng/L; low fat, 7.90
* 097 10 7.29 = 062 ngll).
DISCUSSION

Very low carbohydeae diets have been criticized hecause of
coneerns telated to adverse effects on canliovascular diseas
{EVD), yet few studies have directly evaluared the effects on
circulating risk facrors for CVD o support this view (15). The
results of this study show that o very low carbohydrate diet
favorably affeces fasting and postprandial  triacylglycerals,
HDL-C and the twotal cholesterol/HDL-C ratio in normal-
weight normolipidemic women who were in energy balance
and who did not alter their level of physical activit e
results are consistent with responses in men under si
conditions (4,5). There were no significant effects of the v
low carbohydrate diet on LDL subelasses and markers of in-
flammaion.

The partern of increased rotal cholesterol, LDL-C
HOLAZ after v low
i sistent with cur prior work in normal-
men (4,5). However, there were differences in the relative

TABLE 3

Low dansity lipop in subclass i normal-
weight Women consuming very low carbotydrate
and low fat diets!

Very low cambohydrate Low fat

Lipopraotein fraction  wk 0 wh 4 wk O wh 4

%

wLpLE 11423 80=22% 12841 11.3=3,
IDL-C 0337 78=1. 02 =2, 1
1

5
L}
4
4
5
4
]

00=00 0 .
Poak LDL size, nm 2756 = 0.7 27605
Mean LDU size, om 271 = 0.4 270=04

" Values are mean + 50, 0 = 10 * Different from wk 0, P = 0.05;
# ciffarent from low fat at that time, P = 0.05.
2P = 005 for the interaction between diel and time.

magnitude of the increases. After a 6-wk very low carbohy-
drare dier period in normal-weight men, rotal cholesrerol,
LDL-C and HDLAC inereased 3, 4 and 1%, respectively (3).
Corresponding changes in this study were 16, 15 and 33%. [n
borh normal-weight men and women, a very low carbohydrare
dier canmes a disproportional inerease in HOL-C such thar the
total cholesterol/HDL-C is reduced, particularly in normal-
weight women. A low HDL-C concentrarion is scrongly and

A Paak LDL Sizs {nen)

After Viery Low-Cartichydrats Diat
f g =
.
.

B
S
¥

After Low-Fat Diat

& Peak LDL Size (nm)

E Eld » E
Basaling Peak LOL Size {nm)

FIGURE 1 Refationship between baseline peak LDL size and the
change in peak LOL after 4 wk of consuming very low carbohydrata i
= 058 P < 0.05) and low tat (¥ = 0.50; F = 0.05) dista in normal-
weight women (7 = 10).
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Table 2

This data shows the various cholesterol and blood fat (triacylglycerol/triglyceride) levels when the
women were on each diet (low carbohydrate vs low fat/high carb). * = That value is different from the
baseline (week 0) of the same diet; $ = that value is different from week 2 of the same diet; # = that
value is different from low fat.

Primary Results:

- Total cholesterol increases with a low carbohydrate diet.
- Total cholesterol reduces after 2 weeks on a low fat diet.
- LDL cholesterol increases with low carbohydrate diet.

- LDL decreases with low fat diet.

- HDL increases on a low carbohydrate diet.

- HDL does not change for the low fat diet.

- Triglycerides decrease with low carb diet.

- Triglycerides increase at week 2 with the low fat diet.

Cholesterol generally increases on the low carbohydrate diet and decreases or
stays stable on the low fat diet. Triglycerides/blood fats decrease on the low carbohydrate diet and
either increase or stay stable on the low fat diet.

4. Other studies by this group have also shown increases in cholesterol, in men.

Table 3

This data shows the differences in Very Low Density Lipoprotein (VLDL), Intermediate Density
Lipoprotein (IDL), Low Density Lipoprotein (LDL) types and size of the particles in these diets *low
carb vs low fat).

Not much change here, honestly. There's a reduction in VLDL and IDL-B in the low carbohydrate
diet group.
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Serum Triacylglycerals (mmokL)

In comtrast to our Aindings in men, there were no changes in
the relative percentage or concentration of LDL subclasses
after consumprion of the very low carbohydrate dier, which
may have been because the women bad larger particles than
the men in our earlier study (5}, Previous studies have shown
thar women have significantly larger, more buoyane LDL par-
ticles than men (28300, even after adjustment tor sex-specific
differences in triacylglycerols and visceral adipose tissue (31).
In men, increasing die far resules in larger parricles (18)
andd decreasing far intake results in smaller parric ,33). In
this study, the response of LDL size to a very low carbohydrate
diet was dependent on starting levels {ie., women with lower
peak LD diamerers demonstrared larger increnses in response
tiran low carbohydrate diet). This was true in cur earlier sty

Pre o 1 H 3 4 El 6 T L
Time Aftor Meal (hour}

FIGURE 2 Serum triacylglycerol concentrations after ingestion of
a high fat meal at basalice and after 4 wi of consuming very low
carbohydrate and low fat diets in nomal-weight woman. Valuss are
means = sem, i = 10. There ware signficant time (@ = 0.0001) and diet
* time (P = 0.039) effects.

inversely associated with risk for coronary heart disease and a
high HDL-C is sssociated with reduced risk (16). In the Adult
Treatment Panel 1110171, a high HDL-C concentration =1.35
mmol/L (=60 mg/dL} is considered a negative risk factor, and
its presence evokes removal of one risk factor from the roral
count wed for serting rrearment goals for LDLAC. Pefore
consumption of the very low carbohydrate diet, 20% of women
met the criterion of high HDL-C (=60 mg/dLY; after the very
low carbohydrare dier, 50% mer this criterion.

The large increase in HDL-C could have been due o
increased production by hepatoacytes and the mttsuml mucasa
and/or increased lipoprozein lipase {LPL) i holi

rht men as well (5, Thus, in men and women
with larger LDL particles, a very low carbohydrare dier has
lietle or no effect on LDL subclass distribution, whereas
subjects with a predominance of smaller particles, there ap-
pears to be a movement toward larger particles.
Anhercsclercsis is no longer considered a disease characrer-
ized merely by accumulation of lipid in the arterial wall, There
is now substantial evidence revealing the important role of
wnflammarion ar all stages of atherosclerosis (6,7). We mea-
sured heCRE as o marker of syseemic inflammation and the
proinflammatory cytokines 1L-6 and TNF-a because they ac-
rivare CRP production in the liver. Our results indicare thar
shart-term manipulation of the macronutrient sto does not
affect any of these markers in normal-weight, normelipidemic
women. Weight lass has been shown 1o reduce hs-CRP levels
in overweight women {34,353}, Thus, a hypoenergetic very low
carbohydrate or low fat diet, if used for weight loss, may lower
hs-CRP as was shown in a recent study (10,
The results of this srudy should nor be used 1o make
recommenidations o the public. This study involved a rela-
tively small and homogenous sample of normal-weight,

normolipidemic women. However, the differences in lipid
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of rincylglycerol-nch lipoproteins, which results in disassoci-
ation of surface components (e, unesterified cholesterol,
apopratein and phospholipid) that are acquired by HDL-C. In
mice averexpressing the gene encoding LPL, there is a corre-
lation between increasing postheparin LPL activity and in-
creasing HOL-C, which becomes stronger after consumption
of a high far dier {18). In humans, modesare-ro-high far diers
(46-63% of total eneray) significantly increase postheparin
plasma LPL activiry and skeletal muscle LPL acriviry {19-21),
and LPL acriviry is positively correlared wich HDL-C (22-15),
especially in response 1o high fac diets (190, Although specu-
lative, increased rissue expression and ity of LPL may
partially explain the mechanism by which very low carbaly-
drare diers increase HDL-C.

The significant reduction in postprandial lipemia is also
consistent with the notion thar increased activity may
contribure o the lipoprorein changes induced by a very low
md‘mhuh.ltr diet. A|thmu,h the women in this study had
3 sting and postprandial TAG levels
the men in our previous study (30, the relative reduction in
|‘<lslprlm|w| lipemia was similar {(women —31% and men

very low carbohydrate diet also significantly re-
ting rriacylglycerol concentrations {—30%), suggest-

ing th
well to the reduced postprandial lipemia because a greater
WVLDL-triacylglycerol pool size competes with (rlac}h,l\cn.mls
i inal origin for removal during the pmrpmmll,\]
period. Because fasting and postprandial triacylglye are
independent risk factors for CVD (26,27), the significant
reducrions are indicarive of decreased CVD risk.

respanses W the diets were significant, the results are const
tent with our previous work in men and the results agree with =
dara reported by other laboratories, thus making a rype | error
unlikely {i.e., incorrectly rejecting the null hyparhesis). The =
results indicate that more research should be conducted on
larger, more diverse populations for longer periods of time,

In summary, a shorr-rerm isoenergeric very low carbohy-
drate diet significantly decreased fasting and postprandial tria-
cylglycerols, increased HDL-C, decreased the total cholesteralf
HDL-C rario and did not affect markers of inflammarion. Our
results incicate that in the short term, there is not an adverse
response in terms of sccepted biomarkers of cardiovascular
disease risk in healthy nomolipidemic women, even in the
nce of large reducrions in body mass.
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