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Abstract.
Background: Primary periodic paralysis (PPP) are rare inherited neuromuscular disorders including Hypokalemic periodic
paralysis (HypoPP), Hyperkalemic periodic paralysis (HyperPP) and Andersen-Tawil syndrome (ATS) characterised by
attacks of weakness or paralysis of skeletal muscles. Limited effective pharmacological treatments are available, and avoidance
of lifestyle related triggers seems important.
Objective: Our aim was to search and assess the scientific literature for information on trigger factors related to nutrition
and physical activity in PPP.
Methods: We searched Ovid Medline and Embase database for scientific papers published between January 1, 1990, to
January 31, 2020.
Results: We did not identify published observation or intervention studies evaluating effect of lifestyle changes on attacks.
Current knowledge is based on case-reports, expert opinions, and retrospective case studies with inadequate methods for
description of nutrition and physical activity. In HypoPP, high carbohydrate and salt intake, over-eating, alcohol, dehydration,
hard physical activity, and rest after exercise are frequently reported triggers. Regarding HyperPP, fasting, intake of potassium,
alcohol, cold foods or beverages, physical activity, and rest after exercise are frequently reported triggers. No nutrition related
triggers are reported regarding ATS, exercise can however induce ventricular arrhythmias.
Conclusions: Our results support that dietary intake and physical activity may play a role in causing paralytic attacks in PPP,
although the current scientific evidence is weak. To provide good evidence-based patient care, several lifestyle aspects need
to be further assessed and described.
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INTRODUCTION

Primary periodic paralysis (PPP) are rare inher-
ited neuromuscular disorders characterised by attacks
of weakness or paralysis of skeletal muscles [1–3].
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Affected individuals normally present with symp-
toms in the first or second decade of life [1–3]. Symp-
tomatic attacks may vary from minutes to days, and
frequency ranging from daily to only a few in a
lifetime [1–3]. Permanent weakness may develop
and typically occur in the fourth to fifth decade of
life, independently of severity and frequency of par-
alytic attacks [1–3]. The disorder is divided into
three subtypes and include Hypokalemic periodic
paralysis (HypoPP), Hyperkalemic periodic para-
lysis (HyperPP) and Andersen-Tawil syndrome
(ATS) [1–3]. Important differential diagnoses whose
clinical features overlap with HypoPP and Hyper-
PP, includes paramyotonia congenita (PMC) and
normokalemic PP which in most cases are caused
by mutations of the sodium channel [4]. HypoPP
is caused by mutations in either a calcium channel
gene (CACNA1S; 40–60% of kindreds) or a sodium
channel gene (SCN4A: 7–20% of kindreds) [1, 4].
HyperPP is caused by mutations in a sodium chan-
nel gene (SCN4A: 80% of kindreds) [2], and ATS
is caused by mutations in the potassium channel
gene (KCNJ2:60% of kindreds) [4]. In the remain-
ing cases, the causes are unknown [1, 2, 4]. The
common feature of the involved genes is that they
code for voltage-gated ion channels that are pri-
marily expressed in skeletal muscle. An exception
from this is the KCNJ2 gene found in ATS, which
codes for potassium channels that are additionally
expressed in the heart and brain [1–3]. The disease
prevalence is estimated to be 1:100 000, 0.17:100
000 and 0.10-0.08:100 000 for HypoPP, HyperPP and
ATS, respectively [2–4].

Affected individuals with HypoPP experience
attacks of weakness or paralysis of skeletal muscle
often with concomitant hypokalemia (serum potas-
sium < 3.5 mmol/L) [1]. In individuals with HyperPP,
attacks of weakness or paralysis occur with concomi-
tant hyperkalemia (serum potassium > 5 mmol/L) or
an increase in serum potassium concentration of min-
imum 1.5 mmol/L during an attack [2]. Compared to
HypoPP, attacks in HyperPP tend to be more frequent
but shorter in duration, and they can also affect mus-
cles of the eyes, throat and trunk [2, 4]. In many
cases of HyperPP, mild muscle stiffness (myoto-
nia) is present, and muscle stiffness is aggravated
by exercise (paramyotonia) [2]. ATS is characterized
by cardiac arrhythmias, prolonged QT interval and
physical dysmorphologies in addition to weakness
or paralytic attacks [3]. The attacks in ATS can be
associated with high, low or normal serum potassium
levels [4].

All forms of PPP, regardless of mutation, share
a common final mechanism, a long-lasting depo-
larization of the sarcolemma leading to inactivation
of sodium (Na+) ion channels, thereby inhibiting
action potentials and rendering the muscle fibres
electrically inexcitable [5–7]. The human body has
however several compensation mechanisms for ion
channel malfunction, meaning that exogenous or
endogenous triggers are often required to produce
symptoms in affected individuals [5–7]. Examples
of these are triggers that change the serum potas-
sium (K +) level, the ion responsible for degree of
muscle excitability [5–7]. Hyperkalemia can develop
as a result of physical activity, muscle cell dam-
age, excessive oral or intravenous administration
of potassium [6]. Treatment with nonselective beta
blockers, K + sparing diuretics, ACE inhibitors and
angiotensin-II-receptor antagonists can also induce
hyperkalemia [6]. Hypokalemia can be induced by
catecholamines (adrenalin, noradrenalin, dopamine)
and be a side effect of many drugs such as beta-
2-agonist (Salbutamol), diuretics (loop, thiazides,
carbonic anhydrase inhibitors), glucocorticoids, laxa-
tives, and some antimicrobial drugs [6]. Hypokalemia
can also be induced by promoting transcellular
potassium shifts from serum into the muscles by stim-
ulating the sodium-potassium (Na+, K +) pumps as
seen post-exercise, or by insulin administration [6].
This can explain why lifestyle elements such as stress,
nutrition or physical activity are frequently reported
to trigger episodes in PPP [1–3, 5].

The currently available treatment options for PPP
aims to abort or reduce the frequency and severity
of the paralytic attacks [4]. Pharmacological prophy-
lactic treatments for all three subtypes of PPP are
the carbonic anhydrase inhibitors Dichlorphenamide
or Acetazolamide [1–4]. Dichlorphenamide is how-
ever the only drug with authorized indication in PPP
[8]. Some patients experience however worsening
of paralytic episodes, and others complain of side
effects. If carbonic anhydrase inhibitors are not an
option, aldosterone antagonists (K + sparing diuretic)
can be helpful for individuals with HypoPP or ATS
prone to hypokalemia [1, 3, 4]. Regarding HyperPP,
loop diuretics such as Hydrochlorothiazide can be
an option [2, 4]. To prevent ventricular arrhythmias
in ATS, Flecainide (antiarytmika), beta-blockers or
calcium channel blockers are used [3]. Combination
therapy is also possible for all three types of PPP
[1–4].

As there are limited effective pharmacological
treatment options for PPP, avoidance of lifestyle
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elements that trigger attacks is important. Review
articles recommend identifying triggers and subse-
quently avoid them as an initial step to prevent
attacks [1–4]. Prophylactic potassium supplementa-
tion should be considered in individuals with Hypo-
PP, where trigger avoidance is either unfeasible or
unsuccessful [4]. Although avoidance of lifestyle
related triggers and potassium supplementation is
described to be important prophylactic initial mea-
sures, few previous reviews have assessed and
described these aspects in any detail in PPP.

Our aim was to search and assess the scientific lit-
erature for information on nutritional and physical
activity related trigger factors in HypoPP, HyperPP
and ATS. Physical activity and nutrition related to
development of permanent weakness was not within
the scope of our assessment. Based on our findings
we aimed to systematize lifestyle advices for patients
with these disorders and possibly provide recommen-
dations for future scientific studies.

METHOD

We searched the Ovid Medline and Embase
database for scientific papers published between Jan-
uary 1, 1990, to January 31, 2020. This period was
considered relevant because of the vast advances in
genetics during the last three decades, improving
the identification and understanding of rare heredi-
tary disorders. We conducted two separate searches.
For both searches, the following diagnosis related
open-ended search terms were used: “familial peri-
odic paralysis” OR “hypokalemic periodic paralysis”
OR “hyperkalemic periodic paralysis” OR “peri-
odic paralysis” OR “sodium channel muscle disease”
OR “Andersen-Tawil”. To identify articles related to
nutritional aspects, we combined the diagnosis spe-
cific search with the following open-ended search
terms: “carbohydrate” OR “sugar” OR “fructose” OR
“sucrose” OR “fiber” OR “starch” OR “glucose” OR
“syrup” OR “dietary potassium” OR “fasting” OR
“dietary sodium” OR “dietary salt” OR “natrium”
OR “dietary” OR “nutrition”. Similarly, to identify
articles related to physical activity aspects, we com-
bined the diagnosis specific search with the following
open-ended search terms: “exercise” OR “physical
activity” OR “physical inactivity” OR “training” OR
“rest” OR “biking” OR “swim” OR “run” OR “jog”
OR “climb” OR “gymnastic” OR “exertion” OR “lift”
OR “muscle”.

After excluding duplicates within each search cat-
egory, the search revealed 431 and 284 articles related

to nutritional intake and physical activity, respec-
tively. Two clinical dietitians independently assessed
each title and abstract from the search results on
nutrition related aspects. The same procedure was
conducted by three physiotherapists with respect to
the search results on physical activity. We included
original studies with all types of study designs, but
only the most recent relevant reviews and expert
opinions. Articles in English or Scandinavian lan-
guages, describing PPP and nutritional intake or
physical activity related factors as triggers or reliev-
ers of attacks were included. Articles concerning
differential diagnosis, animal, muscle fiber or cell
studies, neurophysiological tests, or other outcomes
or exposure that were not in our scope of interest,
were excluded. Any discrepancy between review-
ers was resolved through group discussions and in
some cases by assessment of the full text of the arti-
cle before the final group decision was done. Once
the included abstracts were identified, full-text papers
were retrieved and evaluated by two groups of review-
ers. Manual searches were also conducted using the
reference lists from included articles.

We included a total of 36 articles, 18 articles from
the search on nutritional intake, 16 articles from the
search on physical activity and 2 articles from the
manual search. When the included articles from the
different searches on diet and physical activity were
compared, 9 duplicates were identified. Addition-
ally, several of the included articles in the search on
nutritional intake had descriptions of both nutritional
intake and physical activity. As a result, we ended up
with a total of 27 articles after excluding the dupli-
cates. Figure 1 summarizes the selection prosses in
detail.

RESULTS

Hypokalemic periodic paralysis

Nutritional related trigger factors and treatment
strategies

Paralytic episodes in HypoPP are commonly
reported to be triggered by high carbohydrate intake
[9–15]. Even so, in the retrieved studies we did not
identify any in-depth description of the meal com-
position like the amount and type of carbohydrates,
or other sources of energy in the meals suspected
to trigger a paralytic episode [9–15]. Carbohydrate
intake was typically described as either intake of
sweets, sources of high amount of carbohydrates
[9], carbohydrate-heavy meals [10–14] or high sugar
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Fig. 1. Flow diagram of identification, screening, selection and elimination process.

intake [15]. Only a few studies gave some details on
the type of carbohydrate-rich meal leading to paraly-
sis [10, 11, 14], for details see Table 1. A high sodium
intake [9, 16, 17], over-eating [18], alcohol consump-
tion and dehydration [16] were also reported to trigger
paralytic episodes. Eating in the evening or irregular
meals could lead to attacks as well [11, 19].

A diet low in carbohydrate [11–13, 16] and sodium
[10], and avoidance of foods like pizza, pasta, candy
[17] and large carbohydrate rich meals before bed-
time [19] are recommended for individuals with
HypoPP in several reports and reviews. A 2000 calo-
rie diabetic diet has also been suggested based on one
case-study [15]. According to an expert opinion by
Levitt, avoidance of high carbohydrate meals needs

to be explicitly outlined to individuals with HypoPP
as a treatment strategy. More complex carbohydrates
were suggested to be better tolerated than starch and
sugar rich carbohydrate sources [16]. Individuals who
are salt-sensitive should identify the amount of salt
that induces attacks. Salts with potassium chloride
rather than sodium chloride, is suggested as a salt
alternative [16].

In HypoPP, potassium supplementation is fre-
quently reported to prevent, relieve, or abort paralytic
episodes [9, 10, 12–15, 17, 19]. In the majority of
the studies, a description of dose, form and route of
administration was however lacking [9, 10, 12, 14, 17,
19]. To prevent attacks, some studies suggested daily
oral potassium chloride supplementation in doses
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Table 1

Studies describing triggers of attacks in primary periodic paralysis

Study design and
number of cases

Diagnosis Age and gender Triggers of attacks

Nutritional factors Physical activity factors

Kantola et al.
(1992)

Cross-sectional
study (n = 21, from
seven families)

HypoPP
Not genotyped

Data on age not shown
71% males, 29% females

Carbohydrate intake (n = 11); eating sweets and
chocolate (n = 5); evening meals (n = 4); irregular
meals (n = 3)

Hard exercise (n = 8)

Links et al.
(1994)

Case-series study
(n = 44 kindreds)

HypoPP
Not genotyped

– Chinese food; carbohydrate rich meals (2–12
hours prior attacks)

Exercise; combination of little movement
and cold (2–12 hours prior attacks)

Kumar et al.
(2018)

Case-report study
Siblings (n = 2)

HypoPP
NM 000069.3
(CACNA1S):c.3716G>A
(p.Arg1239His)

16 (case 1) and 14
(case 2) years of age
Males

Large carbohydrate consumption and irregular
mealtime led to episodic weakness lasting < 2 hr
(case 1); large fast-food meal, or a Chinese meal
and a bacon sandwich led to episodes of muscle
stiffness (case 2)

Reduced physical activity led to episodic
weakness lasting <2 hr in the morning
(case 1); stiffness of muscles at the end of
exercise (case 2)

Kageyama et al.
(2006)

Case-report study
Two cases

HypoPP
CACNA1S heterozygous
mutation, variant not
specified

21 (case 1) and 33
(case 2) years of age
Males

Over-eating (case 1) Athletic activity (case 2)

Lewis et al.
(2019)

Case-report study
One case

HypoPP
Not genotyped

21 years of age
Male

High-carbohydrate snack in the day prior to acute
paralytic attack

Vigorous physical activity (basketball) the
day prior to a paralytic attack

Stapleton (2018) Case-report study
One case

HypoPP
No match to known
genetic mutations

33 years of age
Male

Carbohydrate-heavy meal (pasta with a large
quantity of sugary, carbonated drinks) evening
prior to generalised weakness and dysarthria upon
waking

–

Alhasan et al.
(2019)

Case-report study
One case

HypoPP
NM 000069.3
(CACNA1S): c.1583g>A;
(p.Arg528His)

14 years of age
Male

– Football game and physical exhaustion the
day prior to a paralytic attack

Dogan et al.
(2015)

Case-report study
One case

HypoPP
Not genotyped

33 years of age
Male

– Heavy physical activity the previous week

Andersen et al.
(2014)

Case-report study
One case

HypoPP
NM 000069.3
(CACNA1S): c.1583g>a;
(p.Arg528His)

13 years of age
Male

Carbohydrate rich meals the evening prior to
paralytic episodes in the morning

Hard physical activity the evening prior to
paralytic episodes in the morning

Damallie et al.
(2000)

Case-report study
One case

HypoPP
Not genotyped

20 years of age
Female (27 weeks
gestation)

1-hour 50 g glucose screening test resulted in
hypokalemia (2,1 mEq/L) and gradual bilateral
lower extremity weakness with numbness and
pain development the following day, unable to
stand within 24 hours

–

(Continued)
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Table 1

(Continued)

Study design and
number of cases

Diagnosis Age and gender Triggers of attacks

Nutritional factors Physical activity factors

Levitt (2008) Expert Opinion HypoPP – High carbohydrate meals and sodium; Chinese
food (with and without monosodium glutamate);
alcohol; dehydration

Rest after exercise; strenuous physical
activity; change in daily activity patterns

Charles et al.
(2013)

Cross-sectional study
(n = 94)

HyperPP
Genetically identified, but data
not shown

19-84 years of age
53% males and 47%
females

Hunger (43%); potassium in food (35%); specific
foods or beverages (35%); potassium
supplements (14%); alcohol (45%);

Rest after exercise (67%), changes in
activity level (41%)

Bradley et al.
(1990)

Case-series study
(n = 20, from four
families)

HyperPP
Not genotyped

Data on age and gender
not shown for all cases

Up to 120 mEq (9 g) of potassium chloride
produced attacks in at least one member of each
family; fasting induced attack (reported by
40-year-old man)

Rest after exercise and prolonged sitting
(especially in a warm room) trigger attacks
of limb weakness (reported by same
40-year-old man)

Cleland and
Tawil (2014)

Letter to editor
Case report
One case

HyperPP
NM 000334.4 (SCN4A):
c.2111C>T ( p.Thr704Met)

17 years of age
Male

– Upon awakening or during rest after
exercise

Inoue et al.
(2018)

Case-control study
(n = 26)

ATS
KCNJ2 mutations, variants not
specified

10-33 years of age
27% males and 73%
females

– Exercise triggered cardiac symptoms in 9
of 26 ATS patients

Fernlund et al.
(2013)

Case-report study
One case (10 family
members with ATS)

ATS
NM 000891.2 (KCNJ2):
c.271.282del
(p.Ala91 Leu94del)

22 years of age
Female

– Near drowning episode at 15; syncope
triggered by physical exercise at 16 in
school gymnastics; 7 of 10 affected family
members had exercise-induced VT

Efremidis et al.
(2006)

Case-report study
One case

ATS
Not genotyped

42 years of age
Female

– Recreational swimming caused a cardiac
event

Cavel-Greant
et al. (2012)

Cross-sectional study
(HypoPP group n = 46,
HyperPP group n = 6,
ATS group n = 6,
PC group n = 4, and PP
with unknown mutation
n = 4)

HypoPP:
NM 000069.3 (CACNA1S):
c1583G>A (p.Arg528His)
(n = 8); NM 000069.3
(CACNA1S):c.3716G>A
(p.Arg1239His)(n = 4);
NM 000069.2 (CACNA1S):
c.2691G>T
(p.Arg897Ser)(n = 1)
HyperPP:
NM 000334.4(SCN4A):c.2111C>7
(p.Thr704Met) (n = 1)
ATS: NM 000891.2 (KCNJ2):
c.199C>T (p.Arg67Trp) (n = 2)

41-82 years of age
30% males, 70% females

– High intensity training (as prescribed by
some of the physiotherapists) to the point
of fatigue made 40% of the respondents
weaker (unknown subclassification)
No mention of exercise- induced episodic
attacks.
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Table 1
(Continued)

Study design and
number of cases

Diagnosis Age and gender Triggers of attacks

Nutritional factors Physical activity factors

Miller et al.
(2004)

Cross-sectional study
(HypoPP group n = 71,
56 kindreds, HyperPP
group n = 99, 47
kindreds, and PC group
n = 57, 26 kindreds)

HypoPP: NM 000069.3
(CACNA1S): c.1583G>A
(p.Arg528His) (n = 15);
NM 000069.3
(CACNA1S): c.3716G>A
(p.Arg1239His) (n = 15);
NM 000069.3
(CACNA1S): c.3715C>G
(p.Arg1239Gly) (n = 1);
SCN4A mutation, variation
not specified (n = 5); and
without mutations (n = 20)
HyperPP: NM 000334.4
(SCN4A): c.2111C>T
(p.Thr704Met) (n = 10);
NM 000334.4 (SCN4A):
c.4774A>G
(p.Met1592Val) (n = 10);
other SCN4A mutations
with variations not
specified (n = 10); and
without mutations (n = 17)

Data on age not shown
62% males and 38%
females (HypoPP
group); 50% males and
50% females
(HypoPP and PC group)

HypoPP: intake of high carbs/sweets (18-80%) or
salt (0-24%)
HyperPP: hunger (6–29%), missing meals (-%) or
potassium rich foods (21–32%) and supplement
(100%).

HypoPP: exercise/rest after exercise
(50–93%)
HyperPP: exercise/rest after exercise
(69–83%)

Levitt et al.
(2004)

Expert option HypoPP, HyperPP and
ATS

– HypoPP: “Sweets”, high carb, and salt
HyperPP: hunger, fasting, potassium-rich food
(e.g. bananas, orange juice) and potassium
supplements

Exercise, rest after exercise (Hypo- and
HyperPP)

Hr, hours; Min, Minutes; VT, ventricular tachycardia; PC, Paramyotonia congenita. For the description of sequence variants, the HCVS nomenclature recommendations were used (den Dunnen,
J.T., Dalgleish, R., Maglott, D.R., Hart, R.K., Greenblatt, M.S., McGowan-Jordan et al. (2016). HGVS Recommendations for the Description of Sequence Variants: 2016 Update. Human Mutation,
37: 564-569. https://doi.org/10.1002/humu.22981).

https://doi.org/10.1002/humu.22981
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varying from 30 mEq (2,25 g) to 60 mEq (4,50 g)
potassium [13–15]. To relieve attacks, the potassium
chloride dose given at onset differed slightly between
case-report studies, from 15–20 mEq (1,125–1,5 g)
oral potassium chloride supplement [14] to 1-2 tablets
Sando K (12–24 mEq / 0.9–1.8 g potassium chloride)
[11]. To abort ongoing attacks the potassium dose
administered in two case-reports, was 40 mEq (3 g)
[15] and 140 mEq (10.5 g) potassium chloride [13],
respectively. The doses in mEq potassium chloride
per kg bodyweight were not shown [13, 15]. In his
expert opinion, Levitt describes how potassium can
be used as a preventer, reliever, and treatment of par-
alytic attacks [14]. The interventions suggested by
Levitt are based on personal and clinical experiences.

Physical activity related trigger factors and
treatment strategies

Physical activity is a commonly reported trigger
of paralytic attacks in HypoPP [9, 10, 12–14, 17,
20, 21]. Various forms of physical activity could
lead to an attack (see Table 1), but the amount
and intensity of activity was poorly described in
the literature. Typically, activity was described as
hard/strenuous/vigorous without any further defini-
tion of intensity or duration [12, 13, 20, 21], or just
as exercise [9, 14, 17, 18]. One expert opinion high-
lights rest after exercise as a trigger [16], correlating
well with case reports describing attacks occurring at
night or in the morning the day after vigorous activity
[10, 12, 13, 20, 21].

Some authors recommend to avoid strenuous activ-
ity to reduce the frequency of attacks [10, 12, 13].
Hard physical activity seems to have a different effect
on attacks compared to mild physical activity. In
a five-generation family screening, several patients
reported that walking off an incipient attack was pos-
sible, especially during the night [14].

Hyperkalemic periodic paralysis

Nutritional related trigger factors and treatment
strategies

Fasting and intake of potassium supplements or
potassium rich foods are commonly reported as
triggers of attacks in HyperPP [9, 22, 23]. In one
cross-sectional study based on medical records,
hunger and missing meals, or eating potassium rich
foods often gave rise to weakness in around 1/3 of
participants with genetically confirmed HyperPP
(NM 000334.4 (SCN4A): c.2111C>T (p.Thr704Met)

n = 50, NM 000334.4 (SCN4A): c.4774A>G
(p.Met1592Val) n = 13, all HyperPP mutations
n = 82) [9]. Potassium supplements caused weakness
in all participants, regardless of genetic subtype [9].
Alcohol, cold foods or beverages, and certain foods
(not specified) are recognized as additional triggers
in individuals affected by HyperPP [22].

Some studies recommend carbohydrate rich foods,
frequent meals and evasions of nutrition related trig-
ger factors to prevent attacks in HyperPP [17, 22]. The
cross-sectional study by Charles et al. describe that a
majority of participants used a combination of medi-
cation and carbohydrate-rich foods as their treatment
strategy [22]. Most participants ate carbohydrate-rich
snacks every two to three hours and three to five
medium- to smaller-sized meals a day. They also
reported drinking plenty of fluids, but avoided alco-
hol, a range of high potassium foods (not specified),
and cold foods and beverages [22]. To abort acute
attacks participants recommended specific carbohy-
drate rich foods and beverages [22]. They detected no
difference between the impact of solid versus liquid
carbohydrates, and a relieving effect was noted within
an hour by most participants [22]. Surprisingly, 13 %
reported that potassium reduced the weakness during
paretic episodes [22].

Physical activity related trigger factors and
relievers

Physical activity and rest after exercise is also com-
monly reported as triggers of paralytic attacks in
individuals with HyperPP [9, 17, 22–25]. None of
the included studies described the duration or inten-
sity of activity in any detail. Changes in activity level
[23] and prolonged sitting [22] was also mentioned
as triggers.

Gentle exercise and muscle relaxation are reported
to mitigate an upcoming attack [22, 23]. Patients
reported doing activities like walking, biking and
swimming to avoid attacks [23].

Anderson-Tawil syndrome

In ATS, we did not identify any case reports or
studies describing nutritional factors as triggers or
treatment strategies of attacks.

We identified two case reports describing exercise-
induced ventricular arrhythmias in ATS [26, 27].
Intensity and duration of the exercise were unspeci-
fied. In a case-control study of 26 ATS patients, Inoue
et al. found increased ventricular arrhythmias with
increasing heart rate in 35% of cases. The arrhythmias
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disappeared as the heart rate approached its maxi-
mum but increased again in the recovery phase [28].

We found no case reports or studies describing
physical activity related relievers of paralytic attacks
in ATS.

DISCUSSION

Although lifestyle factors related to nutritional
intake and physical activity frequently are reported as
triggers of attacks in PPP, this topic has to a limited
extent been studied.

We did not identify any published observation or
intervention studies in this group of neuromuscular
disorders regarding lifestyle change and effect on
paralytic attacks. The current knowledge on nutri-
tion and physical activity related trigger factors is
based on case-reports, expert opinions, and a few
retrospective case studies with inadequate methods
for description of nutritional intake and physical
activity level. The majority of the studies retrieved
information from questionnaires or medical journals
leading to incomplete information. Moreover, most
of the studies identified included a small number
of participants with a wide age range and various
genetic profiles. There are more case-report studies
on men compared to women, which likely reflects a
higher number of asymptomatic females because of
decreased penetrance. The lack of knowledge inhibits
the possibility to develop evidence-based lifestyle
advices for patients.

To summarize, individuals affected by HypoPP
most commonly report a high carbohydrate intake,
hard physical activity and rest after exercise as trig-
gers of attacks. In HyperPP, fasting, intake of pota-
ssium supplements or potassium rich foods, physical
activity and rest after exercise are the most reported
triggers of attacks. In the literature, no nutritional
related trigger factors are reported regarding ATS.
It is however described that exercise can induce ven-
tricular arrhythmias in ATS.

To prevent attacks, it is recommended that individ-
uals with PPP identify their individual triggers and
subsequently avoid them. Individuals with HypoPP
are explicitly recommended to use daily potassium
supplements to prevent paralytic episodes, and to
take extra potassium supplements to relieve attacks
or abort ongoing attacks. Several cases with HypoPP
also report that walking off an incipient attack is
possible. Regarding HyperPP, individuals are recom-
mended to eat carbohydrate rich foods and frequent
meals, and to drink a lot of fluids to prevent attacks.

Gentle exercise and muscle relaxation are also
reported to mitigate an upcoming attack in HyperPP.

A high carbohydrate intake seems to play an
important role in triggering (HypoPP) and preventing
(HyperPP) attacks in PPP, which may be related to the
glucose-insulin homeostasis. In healthy individuals,
a meal with carbohydrates causes a rise in blood glu-
cose levels and consequently a spike in endogenous
insulin which stimulate cells absorption of glucose
and lowering of serum glucose levels [29]. In addition
to lowering serum glucose levels, insulin further-
more leads to decreased potassium levels in serum
by activating sodium-potassium ATPase pumps in
muscle cells, causing a flux of potassium into mus-
cles [7, 30, 31]. This potassium shift may explain
the possible triggering effect of high carbohydrate
intake in HypoPP and ATS prone to hypokalemia.
This insulin driven inward shift of K + ions may
have the potential to trigger inappropriate activity
of mutated voltage-gated ion channels, resulting in
membrane depolarization and consequently paralysis
or weakness, but the evidence is lacking. Contrar-
ily, it has been proposed that insulin reduces inward
rectifier K + conductance in HypoPP patients and
K + depleted rat model, thus promoting membrane
depolarization that causes inexcitability. The mem-
brane depolarization was not prevented by inhibition
of sodium or calcium channels [32, 33]. On the con-
trary, in HyperPP and ATS prone to hyperkalemia,
intake of carbohydrates could relieve attacks as the
following raise in blood insulin levels can lead to a
shift of potassium from serum into muscle cells and
lead to a reduction of serum potassium levels [6].
Future research is needed to prove these hypotheses.

To date no studies have systematically investi-
gated the triggering or relieving effects of different
amounts and types of carbohydrates, nor carbohy-
drates in combination with protein and fat. Some
studies in HypoPP indicate that the type of carbo-
hydrate rich meal may affect the risk of triggering an
attack [11, 14, 16]. A possible explanation for this is
that the postprandial (after meal) insulin and glucose
response (PPGR) varies in healthy subjects depend-
ing on the type of carbohydrate and amounts of fat
and protein consumed with it [32–37]. Eating a mixed
meal consisting of fat, protein, or both, in addition to
carbohydrates results in a lower post prandial glucose
response (PPGR) and insulin response compared to
eating a meal with the same calorie content consist-
ing of exclusively carbohydrates [34, 35]. Another
interesting topic regarding nutritional intake is that
several food items (fruit, juice, vegetables, chocolate,
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potato chips, liquorice) contain both carbohydrates
and potassium, and may be more potent as a trigger
factor than judged by the carbohydrate or potassium
content alone. Consideration should be given that it
might be beneficial for all subgroups of PPP to avoid
food items with a significantly high amount of potas-
sium to maintain a balanced serum potassium level.
This might help prevent attacks developing in individ-
uals with HyperPP and make it easier to administer
the correct doses of daily potassium supplementa-
tion recommended to individuals with HypoPP. This
leads to nutritional recommendations that are hard to
navigate without having certain knowledge of food
composition. Case reports suggest that there are likely
individual differences in the sensitivity to triggers
related to nutritional intake, even within the same
family. This demonstrates that there is a need to inves-
tigate the effect of different carbohydrates and meal
compositions on the risk of paralytic attacks, and the
need for individually adapted nutritional advices.

Strenuous exercise and rest after exercise are
commonly reported to trigger attacks in PPP. This
phenomenon can be explained by the massive shifts in
potassium homeostasis observed during exercise and
the subsequent stimulation of the Sodium-Potassium
ATPase pumps in skeletal muscles seen post-exercise
[6, 7, 30, 31, 38]. Mild physical activity and muscle
relaxation is on the other hand reported to postpone
or prevent an attack in both HypoPP and HyperPP
[22, 23]. Patients report doing activities like walking,
biking and swimming to avoid attacks [23]. Cle-
land & Tawil (2014) suggest a partial restoration
of membrane excitability as a possible explanation
for this phenomenon [24]. This could be related
to the prominent role skeletal muscles have in the
extrarenal K + homeostasis [6, 7, 30, 31, 38]. Phys-
ical activity also contributes to insulin-independent
glucose uptake into muscle cells which has been
demonstrated to reduce blood glucose levels and post-
prandial insulin release [39, 40]. This may contribute
to the beneficial effect of mild to moderate physical
activity in people with HypoPP.

The fact that some patients describe that they
become worse from exercise therapy with a phys-
iotherapist might indicate that physiotherapists may
lack knowledge of the diagnoses and use training
principles adapted to healthy people [24]. Our clinical
experience, supported by some case reports, indicate
large individual variations in exercise tolerance, even
within the same family. This emphasizes the need
for further research to understand the mechanisms
behind the triggering and relieving effects of physical

activity. Patients with PPP should be followed up indi-
vidually by a physiotherapist to explore the physical
activity possibilities and intensity boundaries of the
individual, and particularly in cases of permanent
weakness to find optimal movement strategies.

It was demanding to conduct a literature search
regarding nutrition and physical activity in PPP, as
few articles clearly and exclusively describe these
aspects. As we read the full text articles included from
the two sperate searches, we identified several arti-
cles that contained information on both nutrition and
physical activity, which was not initially indicated
based on the title and abstract. Therefore, we can not
rule out that articles have been excluded based on the
title and abstract, that in full text include information
on nutrition or physical activity. Nevertheless, due to
our systematic approach, we are confident that we
have not missed major studies that have examined
and described relevant factors in more detail.

CONCLUSION

Our results support that dietary intake and physical
activity may play a role in causing and preventing par-
alytic episodes in PPP, although the current evidence
is weak. To provide good evidence-based patient care,
several lifestyle aspects need to be described in more
detail using validated scientific methods, representa-
tive samples, and controlled study designs.
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