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Abstract

Low-carbohydrate diets slow prostate cancer (PC) growth in mice, but PC-safety 
is questioned due to high-fat content. In this exploratory, ancillary and hypothesis-
generating study, we compared sera from PC-free men in a randomized trial of 
low-fat vs. low-carbohydrate diets for weight loss for prostate-specific antigen (PSA) 
effects and in vitro PC growth. Baseline and week-24 serum were applied to LAPC-4 
human PC cells and cell growth was measured (n=21), leaving minimal week-24 serum 
leftover. PSA was measured using remaining serum from baseline and week-16 (n=15). 
Low-carbohydrate diet resulted in more weight loss (median 27.1 vs. 9.4lbs, rank-sum 
p=0.10), although differences were not statistically significant. At week-16, median 
PSA was 0.69 ng/ml (IQR 0.50-0.94), with no differences between groups (rank-sum 
p=0.62). There was no correlation between weight loss and PSA change (Spearman 
r=0.05, p=0.87). Using baseline serum as reference, week-16 serum stimulated cell 
proliferation was identical between arms (rank-sum p=0.66). Greater weight loss 
correlated with decreased cell growth (r=-0.50, p=0.03). A low-carbohydrate diet 
resulted in greater weight loss than low-fat, but no difference in PSA. Although in vitro 
PC cell growth was unaffected by diet, cell growth was inhibited by weight loss. Low-
carbohydrate diets may lead to greater weight loss and weight loss may inhibit PC 
growth. Prospective trials in a larger cohort are underway.

ABBREVIATIONS
PC: Prostate Cancer; PSA: Prostate-Specific Antigen; BMI: 

Body Mass Index; LDL: Low Density Lipoprotein; HDL: High 
Density Lipoprotein; Low-Carb: Low Carbohydrate

INTRODUCTION
Prostate cancer is an epidemic in Western society whereas 

Asian nations have relatively low incidence and mortality rates 
[1]. One factor postulated to explain this disparity is diet, which 

differs markedly between these two populations [2]. To date, 
studies of prostate cancer and diet have focused mostly on fat 
intake. Indeed, multiple studies in both animals [3,4] and humans 
[5-7] suggest that increased dietary fat promotes prostate cancer 
development and growth. Given that numerous epidemiological 
studies have linked diets high in fat and processed meat with 
cancer growth, the American Cancer Society recommends a diet 
low in fat and meat intake, and rich in plant carbohydrates and 
fiber during and after cancer treatment [8].
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In light of these dietary recommendations, it may be suspected 
that diets high in fat, protein and refined carbohydrates would 
stimulate tumor growth and thus should be avoided in cancer 
survivors. Whereas diets rich in plant-based foods have shown 
to have a protective effect on prostate cancer [9], recent evidence 
from a randomized trial found minimal effect of low-fat diets on 
asymptomatic, hormonally naïve prostate cancer patients [10].  
Moreover, even though results from randomized trials suggest a 
low-carbohydrate diet may result in weight loss that is similar 
to or better than more traditional low-fat diets [11-14]. There 
are no randomized trials studying the effect of low-carbohydrate 
diets on prostate cancer prognosis. Given that carbohydrate 
restriction often results in overall energy restriction and that 
energy restriction results in both loss of overall body weight and 
slower tumor growth [15], carbohydrate restriction may be a 
safe diet for men with prostate cancer [16].  Indeed, animal data 
from our laboratory and others suggest carbohydrate restricted 
diets may slow tumor growth in tumor-bearing mice [17,18]. 
In addition, excessive consumption of refined carbohydrates is 
strongly associated with the production of pro-inflammatory 
molecules [19].  We previously found that higher levels of 
circulating inflammatory markers correlate with higher levels 
of PSA among healthy men [20]. As such, this might suggest 
that carbohydrate restriction would lower inflammation, which 
may lower PSA levels, even in healthy men. Alternatively, if 
carbohydrate restriction led to high intake of fat, which can 
also promote inflammation, then a low-carbohydrate diet may 
promote inflammation thereby raising PSA levels. However, 
to date, there are no published clinical data on the effects 
of carbohydrate restriction on prostate biology or prostate 
biomarkers in humans. 

Accordingly, in this study, we conducted a comparative 
analysis of serum from obese men without cancer who 
participated in a 24-week randomized trial comparing a low-
carbohydrate to a low-fat diet for weight loss. In particular, we 
assessed levels of prostate specific antigen (PSA), a commonly 
used prostate cancer biomarker, and the effects of serum to 
stimulate in vitro prostate cancer growth. We hypothesized a 
low-carbohydrate diet to be anti-inflammatory and to correlate 
with lower PSA levels. In secondary analyses, we tested the 
hypothesis that weight loss reduces in vitro PC growth.

MATERIALS AND METHODS 
Study population and sample collection

Subjects for the current study were a subset of men enrolled 
in a previously described prospective randomized 24-week 
trial of a low-carbohydrate versus a low-fat diet with a primary 
outcome of weight loss.13 In brief, 120 subjects were enrolled 
in the original study. Entry criteria included a BMI greater than 
30 kg/m2 and elevated lipid levels. Subjects were randomly 
assigned to either a low-carbohydrate or low-fat diet. 

Diet intervention description

The low-carbohydrate group was instructed to consume 
less than 20 grams of carbohydrate per day and could increase 
carbohydrate intake modestly as the weight loss goal was 
approached; energy intake was unrestricted. The low-fat group 
was instructed to consume less than 30% of daily energy from 

fat, less than 10% of daily energy from saturated fat, and 500 
kcal less than the calculated maintenance energy intake. All 
participants were encouraged to exercise and asked to attend 
group meetings. Group meetings with study investigators were 
held twice per month for the first three months and then once 
per month for the final three months. Overall, only one subject 
dropped out of the study after randomization but prior to the 
institution of diet. Of the remaining 119 study subjects, 28 (24%) 
were male (13 in the low-fat group and 15 in the low-carb group). 

Fasting serum samples were obtained at baseline and again 
at 8, 16, and 24 weeks and were frozen at -80oC for subsequent 
analysis. Banked serum from baseline and week 24 was initially 
used for the in vitro bioassay (see below). Of the remaining 
serum, 8 men had no serum samples available at any time point 
for PSA measurements.  Of the remaining 20 men, only four men 
had serum remaining from the week 24 time point, and thus, the 
16 week time point was regarded as the end of this study for the 
PSA analysis. Of the 20 men with serum available for PSA, three 
subjects did not have baseline serum available and two did not 
have serum available at week 16.  Thus, the final cohort for the 
PSA analyses included the 15 men with both baseline and week 
16 serum available for evaluation.

Serum PSA analysis

Serum levels of fasting total and free PSA were measured 
via Immulite 2000 Advanced Immunoassay chemiluminescent 
enzyme-immunoassay (Diagnostic Products Corp., Los Angeles, 
CA) using the Randox tumor marker panel (Diagnostic Products 
Corp., Los Angeles, CA). Frozen serum samples were thawed, 
homogenized, and analyzed on a fully automated analyzer 
at room temperature. The free PSA assay has a sensitivity of 
0.02ng/ml and a coefficient of variation for intra- and inter-assay 
precision of 8.7% and 8.5%, respectively. The total PSA assay has 
a sensitivity of 0.045ng/ml and a coefficient of variation for intra- 
and inter-assay precision of 8.7% and 8.4%, respectively.

In vitro bioassay

A total of 21 men (13 low-carbohydrate and 8 low-fat) had 
frozen serum from both baseline and 24 weeks available for 
in vitro stimulated mitogenicity. The effect of fasting serum on 
LAPC-4 cell proliferation was examined as previously described 
[3,21]. In brief, LAPC-4 cells were plated in vitro with Iscove’s 
modified medium and 10% fetal bovine serum (FBS) under 
standard culture conditions. After 24 hours, fresh media was 
added and supplemented with either 10% FBS (control) or 10% 
patient serum. Following another 48 hours of incubation, cell 
viability was measured using the CellTiter 96AQ Assay (Promega 
Corporation, Madison, WI). This method has been shown to 
correlate (<5% difference) with 3H-thymidine incorporation 
and was used to determine the number of viable cells in each 
well. Serum samples collected at baseline and week 24 for each 
study subject were analyzed in triplicate for their pre- and post-
intervention ability to stimulate cellular proliferation. 

Statistical analysis

Comparison between the groups was performed using the 
rank-sum test for continuous variables. The ratio of the post-
intervention vs. pre-intervention cell proliferation was compared 
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between dietary arms using rank-sum test and as a function of 
weight loss across both arms using a Spearman rank correlation.  
The ratio of the post-intervention vs. pre-intervention PSA was 
compared between dietary arms using rank-sum test. Thus, all 
endpoints measured at the end of the study were compared to 
pre-intervention levels. All statistical analyses were performed 
using STATA 11.0 (Stata Corp., College Station, TX) with an 
α=0.05 cut-off for statistical significance. No corrections were 
conducted for multiple comparisons.

RESULTS AND DISCUSSION

Subjects

Of the 28 men who completed the weight loss study, serum for 
PSA analysis at both baseline and 16 weeks was available from 15 
subjects, 10 on the low-carbohydrate arm and 5 on the low-fat 
arm. There were no significant differences in baseline variables 
(age, body weight, BMI, height, and serum lipids) between the 
groups (Table 1).

Weight loss

Among the 15 study subjects, median weight loss from 
baseline to 16 weeks was 25.4 lbs (IQR 18.2 to 31.0 lbs). Men 
on the low-carbohydrate diet lost more weight than men on the 
low-fat diet, however this did not reach statistical significance 
(median weight loss of 27.1 lbs. vs. 9.4 lbs; rank-sum, p=0.10).

PSA

The median pre-intervention serum PSA value was 0.76 ng/
ml (IQR 0.45 to 1.01 ng/ml), with no significant differences be-
tween groups (p=0.50; Table 2). At the completion of the study, 

the median serum PSA value was 0.69 ng/ml (IQR 0.50 to 0.94 
ng/ml), with no significant differences between groups (p=0.62). 
Similarly, percent free PSA did not differ between dietary arms 
either at baseline (p=0.71) or at the completion of the study 
(p=0.54). A total of 10 subjects (67%) had a decline in serum PSA. 
In particular, 7 out of 10 low-carbohydrate diet subjects (70%) 
and 2 out of 5 low-fat diet subjects (40%) had decreased PSA lev-
els (chi-squared, p=0.70). Using the post to pre-intervention PSA 
ratio, there were no differences between arms (p=0.59). There 
was no significant correlation between weight loss and change in 
serum PSA (Spearman r=0.05, p=0.87). 

 cell proliferation

Frozen baseline and 24-week serum were available for 21 
men to measure serum stimulated in vitro cell proliferation. 
Characteristics for these 21 men were similar to the 15 men 
used in the PSA analysis with no significance differences in any 
baseline characteristics between the arms. Using the baseline 
assay as the reference, serum stimulated cell proliferation was 
similar for men on the low-carbohydrate (median 105%; IQR 
94-120%) and men on the low-fat diets (median 105%; IQR 
101-145%; rank-sum, p=0.66, Figure 1). There was a significant 
correlation between greater weight loss and decreased cell 
stimulation (r=-0.50, p=0.03, Figure 2).

While it is thought that diet plays a role in modulating prostate 
cancer growth, it remains unclear whether energy restriction as 
a whole, and/or dietary macronutrient distribution influence 
this process. Thus, defining which nutritional components -i.e. 
fat, protein, carbohydrates, or a combination thereof, are critical 
mediators is key. Historically, dietary fat has been associated 

Low-Carbohydrate Diet
n=10

Low-Fat Diet
n=5 P-value

Age (years) 43 (36-53) 52 (45-54) 0.20

BMI (kg/m²) 33.5 (30.7-35.1) 37.4 (35.7-39.6) 0.18

Height (inches) 71 (70-72) 70 (68-71) 0.36

Weight (pounds) 243.9 (219.8-254.4) 248.6 (234.4-291.2) 0.46

Total cholesterol (mg/dL) 248 (241-273) 244 (223-244) 0.55

Triglycerides (mg/dL) 138 (125-190) 173 (173-209) 0.35

LDL (mg/dL) 170 (162-206) 156 (145-160) 0.26

HDL (mg/dL) 45 (43-46) 44 (40-46) 0.64

Table 1: Baseline characteristics of patients randomized to the two diet arms.

All measures are median (25th percentile-75th percentile); P-values are from rank sum tests
Abbreviations: BMI: Body Mass Index; LDL: Low-Density Lipoprotein; HDL: High-Density Lipoprotein.

All patients Low-Carb Diet Low-Fat Diet P-value

PSA (ng/mL)

Baseline 0.76 (0.45-1.01) 0.77 (0.56-1.08) 0.57 (0.45-0.98) 0.50

End of study 0.69 (0.50-0.94) 0.72 (0.53-1.02) 0.59 (0.50-0.85) 0.62

% Free PSA (ng/mL)

Baseline 0.13 (0.10-0.21) 0.15 (0.10-0.21) 0.11 (0.10-0.18) 0.71

End of study 0.16 (0.10-0.19) 0.15 (0.10-0.20) 0.16 (0.10-0.17) 0.54

Table 2: Changes in PSA and percent free PSA after dietary intervention.

All measures are median (25th percentile-75th percentile) and p-values are from rank sum tests of low-carb vs. low-fat diet arm
Abbreviations: PSA: Prostate-Specific Antigen.
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with promoting prostate cancer growth [3-7] but such results 
were based on diets with simultaneous intake of moderate to 
high levels of carbohydrate. In contrast, the effect of dietary fat 
on prostate cancer growth in the setting of minimal carbohydrate 
intake (i.e. a low-carbohydrate diet) has not been evaluated in 
humans although recent preclinical studies reveal a very high fat 
diet that is either very low or completely devoid of carbohydrate 
reduces prostate tumor growth rates relative to comparison 
diets [17,18,22].  Nonetheless, it remains unclear whether 
consumption of a low-carbohydrate diet is advisable to men with 
prostate cancer. 

One method to further explore the relationship between 
carbohydrate intake and prostate cancer risk is to assess the 
effects of a low-carbohydrate diet on serum PSA levels in men 
without prostate cancer. In addition, a comparative analysis of 
diverse diets in such men would provide insight into whether a 
particular diet is superior with regard to its effects on the prostate. 
With this goal in mind, we assessed whether a low-carbohydrate 
diet was superior to a low-fat diet in terms of inducing favorable 
changes on prostate cancer biomarkers. 

In the present study, we used frozen serum samples collected 
during a previous prospective clinical trial [13] to assess the 
effect of a low-carbohydrate versus low-fat diet on serum PSA 
levels in overweight and obese but otherwise healthy men who 
were seeking weight loss. Within this subset of men with banked 
serum available, we found that men on the low-carbohydrate 
diet lost more weight.  Though the difference in weight loss 
was not statistically significant, our subset findings mirror the 
results of the full cohort reported previously wherein the low-
carbohydrate group did lose significantly more weight [13]. We 
found no significant differences in baseline or week 16 serum PSA 
values between men on a low-carbohydrate or low-fat diet. While 
the clinical relevance of this finding to men with prostate cancer 
can be debated given that the present analysis was conducted in 
the context of otherwise healthy men (i.e. non-prostate cancer 
patients), it is important to note that we found no evidence that 
a low-carbohydrate diet increased PSA levels; in fact, PSA levels 
decreased in 70% of the men following the low-carbohydrate 
diet. Thus, while this certainly does not imply that this diet is 
“safe” in men with prostate cancer, we found no evidence to 
suggest any prostate-related danger with this diet when using 
PSA as a surrogate marker. 

To further explore the potential implications of a low-
carbohydrate diet for men with prostate cancer, we evaluated 
the growth stimulatory effects of baseline and week 24 sera on 
a well-established androgen sensitive human prostate cancer 
cell line (LAPC-4). We found that relative to baseline stimulation, 
there was no difference in the stimulation seen from the week 
24 sera between men on a low-carbohydrate or low-fat diet. This 
in vitro bioassay has been used previously and demonstrated 
to correlate with tumor growth in mice models [3]. Moreover, 
in human clinical trials, a very low-fat vegan diet along with 
exercise and meditation among men with prostate cancer has 
been shown to slow in vitro tumor stimulation relative to men 
making no dietary changes using an identical bioassay [23]. 
Thus, the lack of difference between in vitro tumor stimulation 
of the sera from men on a low-carbohydrate versus a low-fat diet 
is a pertinent negative finding that we believe also suggests no 
harm from a low-carbohydrate diet. Interestingly, the amount of 
weight loss was a significant predictor of the degree of decrease 
in tumor stimulated growth. Thus, while differences in cultured 
cell growth in this study were not statistically significant between 
the dietary arms, the positive correlation between weight loss 
and decreased serum-stimulated growth of cancer cells suggests 
that weight loss may potentially have a beneficial role in prostate 
cancer management [16]. Given that low-carbohydrate diets 
result in more weight loss than other diets for up to 2 years 
duration [12], this suggests that these diets, in particular, may 
have a role in prostate cancer management, although further 
study is clearly needed to confirm or disprove this claim.  

Our study was limited by its small sample size and the 
reliance on intermediate outcome measures related to prostate 
cancer biomarkers. Thus, we were not able to directly assess the 
impact of these diets on prostate cancer risk or prostate cancer 
biology or progression. Specifically, we did not measure serum 
inflammatory or hormonal markers, hence mechanistic studies 
were beyond the scope of this trial. Ultimately, future prospective 
trials specifically designed to ask these questions are needed to 

Figure 1 In vitro cell proliferation upon stimulation with serum from 
men on low-fat vs. low-carbohydrate diet.

Figure 2 Correlation between weight loss and cell stimulation. Greater 
weight loss was statistically significantly associated with decreased 
cell stimulation (p=0.03).
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determine the safety and perhaps efficacy of a low-carbohydrate 
diet in prostate cancer management and such trials are underway 
(clinicaltrials.gov, NCT01763944). 

CONCLUSION
In a weight loss trial of men without prostate cancer, a low 

carbohydrate diet had similar effects on serum PSA levels and 
serum-stimulated in vitro prostate cancer growth as a low-
fat diet. Interestingly, weight loss, regardless of dietary arm, 
correlated with decreased serum-stimulated in vitro prostate 
cancer growth. These findings suggest that weight loss, regardless 
of the diet used to achieve it, may potentially have a beneficial 
role in prostate cancer management. Finally, given that low-
carbohydrate diets may result in more weight loss than other 
diets for up to 2 years duration, the role of such diets in prostate 
cancer management merits further investigation.
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