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BACKGROUND: Ketogenic diets have been highlighted as
a way to lose weight while experiencing reduced hunger.
The protein-sparing modified fast (PSMF) induces ketosis
but may be difficult to maintain.
OBJECTIVE:To trackweight loss for individuals initiating
PSMF versus all other diets (e.g., balanced, high protein)
for up to 5 years.
DESIGN: Retrospective cohort study
PARTICIPANTS: Adults who discussed the PSMF with a
clinician between 2007 and 2014
INTERVENTION: Initiating the PSMF diet versus other
diets
MEASURES: The main outcome was percent weight
change up to 5 years. Demographic and health data were
collected using electronic health records.We fit regression
models including age, sex, race, insurance, new medica-
tion prescriptions, and specialist visit to identify the effect
of PSMF diet on percent weight change. We grouped pa-
tients by percent weight change at each year (≥ 5% loss,
4% loss to 4% gain, ≥ 5% gain) and used Pearson χ2 tests
to compare proportions.
RESULTS: Of 1,403 eligible patients, 879 (63%) started
the PSMF. The PSMF group was slightly younger (52 vs. 54
years, p < 0.01) and had a higher body mass index (41.9
kg/m2 vs. 40.4 kg/m2, p < 0.001). In the adjusted analysis,
the PSMF group averaged 3% more weight loss than the
other group over the 5-year follow-up (95% CI − 3.5, − 2.0,
p < 0.001). PSMF patients lost more weight initially, but by
year 4, there was no difference between diets (1.6% versus
1.3%, PSMF versus other diets, p = 0.12). Patients starting
the PSMF were more likely to experience ≥ 5% weight loss
at 1 year (55% vs 20%, p < 0.001) and 3 years (33% vs. 23%
p < 0.05), but not 5 years (34% vs 29%, p = 0.16, PSMF
versus other diets, respectively).
CONCLUSIONS: In clinical practice, the PSMF achieves
rapid weight loss in the first 6 months, but only a small
percentage of patients maintained significant weight loss
long term.
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INTRODUCTION

Low-carb, high-fat diets or ketogenic “keto” diets have been
touted in the scientific and lay press as an effective way to lose
weight.1, 2 Individuals on low-carbohydrate diets may experi-
ence reduced hunger through achieving ketosis3, 4 which occurs
when the human body burns stored fat (generating ketone
bodies) because calories from glucose are unavailable.5 While
both low-carbohydrate and low-fat diets have been shown to
reduce weight,6 reduced hunger is associated with weight loss.7

The protein-sparing modified fast (PSMF) is a very-low-
calorie, high-protein diet that aims to preserve lean body mass
during weight loss by having the patient ingest 1.2–1.5 g of
protein per day per kilogram of body weight.8, 9 Individuals
who follow the PSMF achieve ketosis, but the PSMF differs
from other keto diets because the main source of calories is
protein, not fat.9, 10 Individuals who adhere to the PSMF often
experience rapid and substantial weight loss, which may be
attractive to patients and clinicians.11, 12 However, the PSMF is
not meant to be maintained long term. After approximately 6
months, individuals transition into a refeeding phase, in which
they slowly reintroduce more calories and carbohydrates into
their diet. Longer-term outcomes associated with the diet are
less well established—studies either have time frames less than
24 months13 or have a very small sample size.14

Understanding the weight loss trajectory of a large sample
of patients following the PSMF can provide important infor-
mation for clinicians and for patients who are considering the
diet. The objective of this study was to track weight change for
individuals who initiated the PSMF compared to patients who
considered the PSMF but initiated another diet, for up to 5
years. We also assessed change in systolic and diastolic blood
pressure among patients with initially elevated blood pressure
(≥ 140/80mmofmercury (mmHg)) to identify the effect of the
diets on participants’ cardiovascular health.

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s11606-019-05535-0) contains supplementary
material, which is available to authorized users.

Received February 25, 2019
Revised August 13, 2019
Accepted October 15, 2019

704

35(3):704 10–

Published online January 8, 2020

http://dx.doi.org/10.1007/s11606-019-05535-0
http://crossmark.crossref.org/dialog/?doi=10.1007/s11606-019-05535-0&domain=pdf


METHODS

Study population

This retrospective cohort study included adults who received
care at a large integrated health system in Northeast Ohio. Since
the PSMF is an aggressive weight loss option and may select for
more motivated patients, we chose as a comparison group
patients who considered the PSMF diet but did not initiate it.
Patients were included if they discussed starting the PSMF diet
or had a uric acid laboratory value ordered within 30 days
following a registered dietician (RD) visit between January 1,
2007, and December 31, 2014. Since the PSMF diet could
precipitate gouty attacks, all patients who start on the PSMF diet
should have a uric acid laboratory value, though that was not
always the case. We searched the electronic health record for the
terms “PSMF” and “protein sparing” to identify patients who
discussed starting the diet. Patients who were ineligible to start
the diet were excluded. This included patients who had a body
mass index (BMI) < 30 kg/m2 or an estimated glomerular
filtration rate (eGFR) < 60mL/min/1.73m2 or had a diagnosis
of pregnancy, chronic kidney disease, or cardiac arrhythmia or a
diagnosis of any of the following diseases within 6 months prior
to the RD visit: myocardial infarction, ischemic stroke, acute
decompensated heart failure, liver failure, malignancy, or major
psychiatric illness. We also excluded individuals who did not
have a follow-up weight after the index date (i.e., the date a diet
was discussed). Finally, because some patients initiate the PSMF
in preparation for bariatric surgery, patients were excluded if
they had bariatric surgery within 6 weeks of starting the PSMF
diet. Patients who underwent bariatric surgery later were cen-
sored at the surgery date.
We then conducted a chart review to identify which patients

began following the PSMF. Patients who initiated the diet con-
stituted the intervention group. The remaining patients com-
prised the “other diets” group. This approachwas taken to ensure
a similar control group in respect to eligibility for the diet.
Our study design employed an intention-to-treat approach.

Thus, all patients who initiated the PSMF diet remained in the
intervention group for the entire follow-up period regardless of
whether he/she completed the diet. In a sensitivity analysis, we
compared individuals in the PSMF group who received at least
one prescription for potassium within the first 6 months of
starting the diet (a marker of being on the diet under clinician
supervision) to individuals in the PSMF group who did not
receive a prescription.

Predictor

The PSMF diet is a very-low-calorie diet that mainly consists of
lean proteins such as chicken, seafood, and tofu.

12
Calories are

restricted to approximately 800 calories per day including 1.2 to
1.5 g of protein per kilogram per day.

12
Carbohydrates are

restricted to less than 20–50 g per day. To ensure complete
nutrition, individuals on the diet need to take vitamin and
mineral supplements.

12
We conducted a chart review to identify

the diets patients in the other-diets group stated they were on
after not starting the PSMF diet.

Outcomes

The main outcome was percent weight change. We calculated
the percent weight change every 3 months from baseline up to
5 years. Weight at each time point was determined by inter-
polating the two closest weight measurements on either side of
the time point. Patients were censored after their last recorded
weight or after 5 years. Our secondary outcome was change in
systolic and diastolic blood pressure among patients with
initial blood pressure ≥ 140/80 mmHg.

Other variables

To describe the population, we collected demographics (age,
sex, race, insurance status), visits to an endocrinologist, anti-
obesity medications (e.g., Contrave, Orlistat, Topiramate, Phen-
termine, Saxenda, Qsymia), and antipsychotic medications,
insulin, and antidepressant medications (all known to promote
weight gain) from the electronic health record. We collected
visits to an endocrinologist as a marker of receiving a higher
intensity of care related to weight management. If a patient had
at least one prescription in the year prior to starting the diet, we
assumed that the medication’s effect on weight was accounted
for in the baseline weight and additional prescriptions were not
“new.” We tested this assumption by including baseline medi-
cations in the adjusted analysis. Time since initiating the diet
was included as a modifier variable since the impact of the diet
on weight change is anticipated to lessen over time. We
modeled the regression using 90-day increments to provide
the reader with finer gradations of the outcome since weight
can fluctuate substantially after starting a diet.

Analysis

We used Student’s T test and Pearson χ2 tests to identify
baseline differences in demographic characteristics and health
care utilization between patients who started the PSMF versus
another diet. We grouped patients by percent weight change at
each year (≥ 5% loss, 4% loss to 4% gain, ≥ 5% gain) and used
Pearson χ2 tests to compare proportions. We used a regression
model adjusted for age in years, sex, race (White, Black, other),
insurance status (Medicare, Medicaid, Commercial, or other),
new medication prescriptions, and endocrinologist visit (yes
versus no) to identify the effect of the PSMF diet type on
percent weight change at each time point. To identify the effect
of diet on blood pressure, we used linear regression models
adjusted for demographic variables, baseline medications, BMI
and blood pressure, and visits to the endocrinologist on change
in systolic and diastolic blood pressure for patients who had an
elevated blood pressure (≥ 140/90 mmHg) at baseline.We reran
the analysis stratified by 5% weight loss at the end of each year
to identify whether the diet was independently associated with
changes in blood pressure. Five percent weight loss is a
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commonly used standard for attaining health benefits associa-
tion with weight loss.15 A secondary analysis identified whether
achieving ≥ 3% weight loss at 3 months was predictive of
weight loss across the 5-year study period. We chose the 3%
threshold since prior research using data from the Look
AHEAD trial found that at least 3% weight loss at 2 months
was predictive of weight loss at 8 years.16, 17 The sensitivity
analysis reports the difference in percent weight change each
year for patients with at least 1 potassium prescription in the first
6 months of starting the PSMF diet since receiving a potassium
prescription was a marker of maintaining the PSMF diet.

RESULTS

The final sample included 1,403 patients, of whom 879 (60%)
were in the intervention group. The other group’s diet ap-
proaches included a balanced diet (36%), a high-protein diet
(5%), a standard American diet (18%), a low-fat diet (3%), or
the diet was not stated at the next visit (39%). At baseline, the
groups were similar in sex, but the PSMF group was slightly
younger and had a higher percentage of Caucasian adults
(Table 1). The PSMF group had a higher initial BMI (41.8
kg/m2 versus 40.3 kg/m2, p < 0.01). Forty-two percent of the
PSMF group and 46% of the other-diets group had a weight
recorded in year 5 (Table 2).

At 1 year, the PSMF group averaged 6%moreweight loss than
the other-diet groups (95% CI, 5 to 7%, p < 0.01). The difference
in percentweight loss decreased to 2%at year 2 (95%CI, 1 to 3%,
p<0.01) and 1%at year 3 (95%CI, 0 to 3%, p= 0.02). Therewas
no significant difference in years 4 and 5 (Table 2). During the 5-
year study period, patients in the PSMF diet group averaged
3% more weight loss than the patients on other diets (95%
CI, − 4 to − 2%, p < 0.01) after adjusting for demographic
variables, medications, and health care utilization (Fig. 1).
Percent weight change was heterogeneous within each

group. One year after starting the diet, more patients in the
PSMF group than the other group experienced > 5% weight
loss (55% versus 20%, p < 0.01). Starting in year 2, the
percentage of patients with >5% weight loss declined in the
PSMF group and increased in the other-diets groups (38% for
PSMF versus 24% for other-diets group in year 2, p < 0.001).
The change in weight over the entire 5-year study period
appears in Fig. 2a. A similar pattern was seen for patients
losing ≥ 15% of their body weight (Fig. 2b). Adjustment for
potential confounders did not affect the pattern of results.
Among patients who had elevated blood pressure at baseline,

adjusted systolic blood pressure dropped by an average of
8.4 mmHg in the PSMF group and 7.2 mmHg in the other-
diets group at year 1 compared to baseline but the difference
between groups was non-significant (p = 0.24). Patients on the
PSMF diet had a statistically greater decrease in adjusted dia-
stolic blood pressure at year 1 (− 6.6 mmHg versus − 5.0
mmHG, p = 0.02), but there was no statistically significant
difference between groups in years 2–5. Patients who lost at
least 5% of their weight in both the PSMF and other-diets group
had a significantly greater change in systolic and diastolic
blood pressure at year 1 than patients who lost less weight (b =
− 6.8 mmHg for systolic blood pressure and − 3.9 mmHg for
diastolic blood pressure, p < 0.001) (Appendix figure).

Secondary and sensitivity analysis

By 3 months, 80% of the PSMF diet group lost ≥ 3% of their
body weight versus 26% of the other-diets group (p < 0.01). In
the secondary analysis, patients who achieved early weight
loss on either diet (≥ 3% weight loss at 3 months) averaged
more weight loss than patients who did not achieve early
success (b = 6%, 95% CI, − 7 to − 5%) (Fig. 3).
In a sensitivity analysis, percent weight change among the

PSMF diet group who had at least one potassium reading in
the 6 months after starting the diet was higher than among
those who did not, but even the latter lost substantially more
weight in the first year than did the patients in the other-diets
group (Appendix table).

DISCUSSION

In this retrospective cohort study, patients who started the
PSMF diet averaged 3% more weight loss over the 5-year
study period than patients in the control diet. The weight loss

Table 1 Demographic Characteristics, Health Care Utilization and
Outcome of Patients on the PSMF and Other Diets

PSMF group
% (N = 879)

Other-diet
group %
(N = 524)

P value

Mean age in years
(95% CI)

52 (52–53) 54 (53–55) 0.01

Female sex (n) 79% (692) 74% (387) 0.06
Race 0.02
White (n) 70% (619) 64% (333)
Black (n) 27% (234) 32% (167)
Other (n) 3% (26) 5% (24)

Insurance 0.03
Medicare (n) 10% (91) 15% (79)
Medicaid (n) 5% (46) 7% (35)
Commercial (n) 79% (698) 73% (383)
Other (n) 5% (44) 5% (27)

Mean initial BMI in
kg/m2 (95% CI)

42 (41-42) 40 (40-41) < 0.01

Mean initial weight in kg
(95%CI)

118 (116-119) 113 (111-
115)

< 0.01

Medications prescribed
in prior year
Antipsychotics (n) 6% (49) 5% (28) 0.85
Antidepressants (n) 38% (331) 29% (154) < 0.01
Weight loss (n) 13% (116) 10% (52) 0.07
Insulin (n) 6% (55) 8% (39) 0.39

Medications newly
prescribed in years 1–5
Antipsychotics (n) 4% (39) 5% (25) 0.77
Antidepressants (n) 15% (129) 13% (66) 0.28
Weight loss (n) 19% (165) 14% (74) 0.03
Insulin (n) 8% (73) 11% (55) 0.17

At least one visit to an
endocrinologist during
year 1 (n)

32% (281) 19% (100) < 0.01

Attained 3% weight
loss at 3 months (n)

80% (700) 26% (136) < 0.01
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benefits of the PSMF diet were readily seen in the first year.
However, the average weight loss was not statistically differ-
ent across groups at year 3. Fewer than 1 in 10 patients on the
PSMF diet had ≥ 15% weight loss after 5 years. Together, our
findings suggest that the majority of patients who start a PSMF
diet will have dramatic weight loss initially, but ultimately
regain the weight. Only a small minority will succeed in
maintaining meaningful weight loss.
We observed substantial heterogeneity in response to

the PSMF. Twenty percent of patients who started the
PSMF diet had a ≥15% weight loss at 1 year versus only
3% of patients in the other-diets group, and early initial
weight loss was associated with greater weight loss across
the study period. This finding is similar to another obser-
vational study that found large initial weight loss predict-
ed long-term weight loss.18 Moreno and colleagues found
that a very-low-calorie ketogenic diet was associated with

longer sustained 5% weight loss than a standard low-
calorie diet (500 months versus 350 months).14 Our data
supports this hypothesis given that in years 3–5, 30% of
the PSMF group maintained ≥ 5% weight loss.
These findings also suggest that some patients may gain

weight by initiating the PSMF diet. The 20% of patients who
started the PSMF diet and did not lose ≥ 3% in the first 3
months had a net weight gain over the study period. Our
findings are similar to the Look AHEAD trial that found an
association between weight loss at 2 months and long-term
weight loss.16, 17 Providers considering starting a patient on
the PSMF diet should require a re-evaluation within the first 3
months. Another observational study found that patients on
the PSMF diet who received nutritional counseling averaged
8.3% more weight loss than patients who did not receive
follow-up instruction.13 Thus, following common recommen-
dations for patients on the PSMF diet such as meeting with a

*Regression models were adjusted for age, sex, race, insurance status, new medication prescriptions and

specialist visit to identify the average percent weight loss for each diet group.  Percent weight loss is

compared to baseline and reported every 3 months.    

Figure 1 Average adjusted weight loss among PSMF and other-diet participants*.

Table 2 Mean percent weight change for PSMF and Control groups at years 1–5.*

Year 1 Year 2 Year 3 Year 4 Year 5

PSMF diet N 839 727 621 491 370
Mean %
change
(95% CI)

− 7.6 (− 8.3, − 6.9) − 3.7 (− 4.4, − 3.0) − 2.3 (− 3.0, − 1.5) − 1.6 (− 2.5, − 0.7) − 1.4 (− 2.5, − 0.3)

Other diets N 506 458 391 312 242
Mean %
change
(95% CI)

− 1.8 (− 2.3, − 1.2) − 1.3 (− 2.0, − 0.6) − 0.9 (− 1.7, 0.0) − 1.1 (− 2.2, − 0.1) − 1.0 (− 2.3, 0.3)

Difference between
PSMF and other
diets

Mean
(95% CI)

− 5.8 (− 6.8, − 4.9) − 2.4 (− 3.4, − 1.4) − 1.4 (− 2.6, − 0.3) − 0.5 (− 1.9, 0.1) − 0.4 (− 2.1, 1.3)

p value < 0.01 < 0.01 0.02 0.52 0.64

*Student t tests were used to compare the mean percent weight loss between the PSMF and other-diets group at each time point
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dietician, having a basic metabolic panel and electrocardio-
gram, and taking a uric acid test while in ketosis may help
patients to adhere to a diet in a safe and effective manner.
Further, routine check-ins can allow both the clinician and
patient to discuss whether the diet fits the patient’s food and
lifestyle preferences since it is difficult to eat the right types of
food in the right quantity.19 As identified by a randomized
control trial, adherence to a low-calorie diet, regardless of
whether fat or protein was emphasized was associated with
similar weight loss and diet satisfaction score at 2 years.6

Finally, understanding the impact of a 5% weight loss for a
couple of years may be important when considering whether to
recommend the PSMF diet. Over half of the patients on the
PSMF diet lost 5% of their weight at 1 year which is an often
cited marker of reduced cardiovascular risk. By year 5, that
proportion had dropped to one third and was similar to the
proportion of patients in the other-diets group who lost 5% of
their weight. For the patients who regained weight, it is un-
known what cardiovascular benefit achieving a 5% weight loss
at 1 year provided. In our study, blood pressure outcomes

*Indicates p-values <0.05 comparing the effect of diet on category of percent weight loss within each year. P-values were obtained using chi-

squared tests. 

a

b

Figure 2 a. Patients in the PSMF and control diet groups categorized into yearly percent weight loss. b. Patients in the PSMF and control diet
groups who lost at least 5% of their weight in any year.v
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improved for patients in both groups who lost ≥ 5% of their
weight with essentially no difference between the two groups.
Further, we did not require patients to stay on the PSMF diet for
any specific duration, becausewewanted to assess effectiveness
of starting the diet, not efficacy of maintaining the diet.
This study has several limitations. Since this was a retro-

spective cohort study, patients who started the PSMF diet
likely differed from those who did not. Further, we did not
require patients to stay on the PSMF diet for any specific
duration, because we wanted to assess effectiveness, not effi-
cacy. We hope this will provide readers with relevant informa-
tion regarding what to expect when recommending the PSMF
diet. This studywas conducted in a single large integrated health
system in Ohio so generalizability may be limited. Additionally,
we attempted to control for the effect of provider encourage-
ment on weight loss by including endocrinologist visits in our
adjusted model; however, residual confounding may have
remained. Finally, we were only able to follow ~ 46% of the
population for 5 years. However, the drop-out rates in both the
PSMF and control diet groups were similar.
In conclusion, patients who started the PSMF experienced

rapid weight loss within the first year. However, most patients
regained the weight and average weight loss was similar to
other diets after 4 years. Although some patients succeed in
maintaining their weight loss out to 5 years, a similar percent-
age of patients on other diets achieved similar success. Further

study is needed to understand which patients will be success-
ful with the PSMF.
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