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Summary
Background Hypophosphatemic rickets is a rare, genetic syndrome with multisystem involvement. It causes skele-
tal abnormalities, painful enthesopathies, increased risk of fracture, and short stature; leading to a substantial bur-
den of disease, disability, and worsening of quality of life. To improve health conditions of people living with this
disease, it is essential to know its prevalence which is currently unknown in Colombia. This study aimed to estimate
the prevalence of hypophosphatemic rickets in Colombia by using a mathematical model and national statistic
records.

Methods We executed a model to estimate probabilities of transitions between health, disease, and death states
(Markov chains). The model was fed with international prevalences taken from original studies (systematic review)
and administrative records’ data from SISPRO (a national health information system) using the International Classi-
fication of Diseases (ICD-10) E833 code, vital statistics, and census data. World Health Organization’s (WHO) DIS-
MOD II software was used to develop the model.

Findings The estimated overall prevalence of hypophosphatemic rickets in Colombia in 2018 was 2¢03 cases per
100 000 people (981 affected people), with a sensitive range of 1¢97 to 2¢09. The estimated prevalence by sex was
2¢61 (645 people) and 1¢43 (336 people) cases per 100 000 women and men, respectively.

Interpretation Our overall estimated prevalence shows consistency with original international data. This is the first
prevalence estimation of hypophosphatemic rickets in Colombia and will be relevant to support public health deci-
sions for rare diseases and to provide a pre-test probability framework in clinical practice. DISMOD II and the model
are useful tools to estimate the prevalence of rare and orphan diseases, when probabilistic studies cannot be carried
out. There are limited bibliographic resources worldwide reporting prevalence values supported by original studies.
Our study can be used as a cost-effective methodology reference in this regard, especially for Latin America.
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Introduction
Hypophosphatemic rickets (or familial hypophosphate-
mia) is a rare, genetic, renal phosphate wasting disorder
with multisystem involvement. It is characterized by
hypophosphatemia, phosphaturia, normocalcemia,
osteomalacia, and failure (or delay) in endochondral
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calcification of the growth plates of long bones.1 It
causes skeletal abnormalities, painful enthesopathies,
increased risk of fracture, and short stature.2

These alterations are produced mainly by serum ele-
vation of fibroblast growth factor 23 (FGF23) protein,3

caused by pathological variants of genes such as the
phosphate regulating neutral endopeptidase (PHEX),
FGF23, dentin matrix acidic phosphoprotein 1 (DMP1),
and ectonucleotide pyrophosphatase phosphodiesterase
1 (ENPP1). Its inheritance can be autosomal dominant
(ADHR), autosomal recessive (ARHR), or (much more
frequently) x-linked (x-linked hypophosphatemia
[XLH]).4−7 Other mutations described are the sodium
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Research in context

Evidence before this study

The model used to estimate the hypophosphatemic
rickets prevalence in Colombia was developed with
World Health Organization (WHO)’s statistical software
DISMOD II. Data required to feed the software and
adjust the model were obtained from the national pop-
ulation census, vital statistics, administrative records,
and prevalences of hypophosphatemic rickets from
original international studies and national case reports.
Those studies were retrieved through the systematic lit-
erature search and review in the EMBASE, PubMed,
Bireme (LILACS, SciELO), and Orphanet databases. The
search strategy was performed in 2019 with the popula-
tion, intervention, control, and outcomes (PICO) meth-
odology, and in the broadest possible way to improve
the sensitivity of the search (no limits on the date of
publication, any type of original epidemiological study,
and any language but whose abstracts were available in
Spanish or English). Eleven original studies were
retrieved with information on population frequency
measures. However, most were related to the distribu-
tion of mutations in the population with hypophospha-
temic rickets diagnosed by clinical and laboratory tests.
Only three studies had prevalence estimates of hypo-
phosphatemic rickets. No original studies on the preva-
lence of hypophosphatemic rickets were found in
Colombia or Latin America.

Added value of this study

This study provides the first prevalence estimate of
hypophosphatemic rickets in Colombia, even the first
original estimate in a Latin American country. The esti-
mate is representative at a national level due to the
characteristics of the sources used. In addition, it was
generated with the most recent data available (not only
for children but for the general population) and pro-
vides a cost-effective alternative to estimate the preva-
lence of rare diseases.

Implications of all the available evidence

Prevalence is necessary to support decisions of high
impact in public health, it also generates a pre-test
probability framework in the clinical setting. However,
there are limited original studies worldwide on the
prevalence of hypophosphatemic rickets. Our study can
be a reference for estimating the prevalence of rare and
orphan diseases when it cannot be obtained from prob-
abilistic studies. Additional studies (using the analysis of
each case through clinical and biochemical records, and
molecular confirmations) are required to deepen our
outcomes. Comparisons of other original studies with
our research should be cautious due to the divergence
in study populations, methods, and sources of informa-
tion. To ease international comparisons, more collabora-
tive work is needed to standardize the registration and
validation of cases of hypophosphatemic rickets.
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phosphate cotransporter protein 2C (SLC34A3) gene
that encodes a sodium-phosphate cotransporter, and the
chloride voltage-gated channel 5 (CLCN5) gene that enc-
odes a voltage-gated chloride ion channel. These genes
do not induce an elevation of FGF23, but are affected in
hypophosphatemic rickets with hypercalciuria.5

Treatment to mitigate complications and control symp-
toms consists of a regular and early supply of calcitriol,
phosphate salts, or FGF23 neutralizing antibody (burosu-
mab; more recent and effective but only for XLH).6,8,9

Hypophosphatemic rickets generates a substantial
economic and healthcare burden, morbidity, disability,
and worsening of quality of life. However, given its irre-
versibility and low mortality,10−12 it behaves like a
chronic disease that demands greater health resources.

Prevalence is a fundamental measure in epidemiology
as it quantifies the incidence of a disease in a population in
a particular location and at a given time point. Knowing
the disease prevalence builds a body of evidence and recog-
nition of the pathology importance, allows for allocating
health resources, planning costs and evaluating the impact
on public health.13,14 It also illuminates doctors by provid-
ing a pre-test probability framework to the diagnostic pro-
cess (according to the clinical picture and disease
frequency in its influenced area).

The Colombian government recognizes patients
with rare diseases as especially protected people with
prioritized healthcare.15 Rare diseases are defined as
those with a prevalence of less than 1 per 5 000 people,
chronically debilitating, and life-threatening.16 Conse-
quently, to improve health policies, health care condi-
tions, and treatment designation for people with
hypophosphatemic rickets, it is essential to know the
prevalence of the disease, which is currently unknown
in Colombia.

National population health surveys (NPHS) with
probabilistic sampling are frequently used to estimate
disease prevalence, however, they are large in scale,
technically complex and costly. If the phenomenon
under study is of low frequency and a genetic disease,
the technical difficulties will be higher due to fewer
cases which are harder to find. Thus, NPHSs are ineffi-
cient for rare diseases prevalence studies.17

As an alternative, the prevalence might be deter-
mined using the disease mean duration and the new
cases (incidence) detected at birth,18 but hypophospha-
temic rickets is not usually identified at birth.

The objective of this study was to estimate the preva-
lence of hypophosphatemic rickets in Colombia using a
mathematical model and national statistics.
Methods

Study design and statistical analysis
We used a mathematical health state transitional model
supported by a system of differential equations. The
www.thelancet.com Vol 7 Month March, 2022



Figure 1. Sources and method.Di=specific deaths by age; f= case fatality; Hi=healthy people by age (people without the disease
under consideration); ICD=International Classification of Diseases; l=incidence rate; Mi=general deaths by age; m=mortality rate;
r=not applicable for this study; Si=sick people by age., Note: Adapted from Barendregt JJ, et al 26
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probability of moving from one health state to another is
proportional to the number of people in each state, and
the probability of an event depends only on the immedi-
ately preceding event (Markov Chain). Markov model
has been used in epidemiological research of noncom-
municable chronic diseases.19−21 The model was devel-
oped with WHO’s statistical software DISMOD II,22

which has been used to identify epidemiologic charac-
teristics of rare orphan diseases.23−25 DISMOD II must
be fed with at least three of the possible four states that
model the course of the disease: healthy (remission
cases included), sick from the specific disease, dead
from the specific disease, and dead from a different
cause.26 Therefore, relative risks of mortality, specific
mortality rates, general mortality rates (from all causes),
prevalence (or incidence) are required. Population data
by age, sex, and remission cases are required as well.

DISMOD II generated the mathematical model that
produced the punctual estimates of the prevalence for
both sexes and by sex. We also used DISMOD II to run
the sensitivity analysis; which was calculated for this
prevalence, producing a sensitive range. We used Micro-
soft Excel� and R statistical software to prepare data and
graphs.
Data sources
Colombia has publicly available population census data
and vital statistics27 available at Departamento Adminis-
trativo Nacional de Estad�ıstica (DANE), and
www.thelancet.com Vol 7 Month March, 2022
administrative records available at Sistema Integrado de
Informaci�on de la Protecci�on Social (SISPRO). All of
these are of national coverage, unified, captured by legal
norm, and continuously improved per processes.1,28

Those sources that contained data on users and health
services were analyzed and selected to generate the epi-
demiological information (Figure 1).

We used Colombian demographic information and
population structure from the last housing population
census (2018) to feed the developed model. Hypophos-
phatemic rickets was assumed to be an irreversible dis-
ease, thus, there are no remission cases.

We used mortality information from the last vital
statics (2017). We calculated both adjusted five-year and
sexes mortality rates of all causes, general mortality
rates, and specific mortality rate. General mortality rates
are defined as how many people died in one year in
Colombia in one sex and in a single five-year age group,
divided by the population of the same sex and five-year
age group. The specific mortality rate is defined as how
many people died with a specific diagnostic (ICD-10
code), divided by the population alive in Colombia
within the same sex and same age group. DISMOD II
used the specific mortality rates from the E833 ICD-
10code. The source of the vital statistics and the popula-
tions was DANE.

We tabulated nationwide rates by five-year age
groups and gender groups from diagnosed cases
reported in medical records (diagnoses with ICD-10
code E833), considering that these diagnoses are cases
3



Probable Case Conditions

Patient with short stature and one or more of the following con-

ditions (appeared between 1 and 15 years):

� Lower limb deformities/bends in symmetric or asymmetric varus.

� Other signs of rickets: rachitic rosary, craniotabes, or Harris lines on x-rays of

long bones (between 0 and 15 years).

� Recurrent dental abscesses.

In adults, in addition to the previous conditions (without being

exclusive to configure a probable case of hypophosphatemic

rickets) it can be observed:

� Chronic bone pain (>20 years).

� Enthesopathies (joints and vertebrae) (>20 years).

� Pathological or recurrent fractures.

Table 1: Operational definition of hypophosphatemic rickets’ case.
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from people who were still alive. The source of this data
was Sistema Integrado de Informaci�on de la Protecci�on
Social (SISPRO).

Hypophosphatemic rickets’ cases were defined using
the specific code from the International Classification of
Diseases, 10th revision (ICD-10). There is no specific
ICD-10 code for hypophosphatemic rickets, therefore,
we reviewed the ICD-10 codes and selected 23 of them
(E55, E83, M21, M41, M83, Q75, Q77, Q78, Q87 group-
related codes) corresponding to diseases considered dif-
ferential diagnoses because they could have been used
to code a case under study. We analyzed each of the
codes and selected E833 “Disorders of phosphorus metabo-
lism and phosphatases” because it is the most accurate to
record the diagnosis and has been used in studies of
hypophosphatemic rickets.29
Systematic review of the literature
We conducted a systematic review of the literature to
identify original studies containing prevalence esti-
mates and used these data to adjust the model.

Articles were selected using the following criteria: 1)
Their prevalence estimation was original (calculated from
population databases; population surveys; and cross-sec-
tional, cohort, and ecological studies); 2) Study population
was people with hypophosphatemic rickets; and 3) The out-
come was a measure of frequency (incidence, prevalence,
frequency, or distribution by demographic characteristics).
Articles were excluded if: 1) Their population had other
types of rickets (different than hypophosphatemic rickets);
2) Their results presented secondary frequency estimations
(from other studies such as narrative articles or systematic
reviews); or 3) The methodology to estimate the frequency
values was not clearly specified. Studies were retrieved
through systematic literature review and cases reports. A
systematic literature search was carried out in the
EMBASE, PubMed, Bireme (LILACS, SciELO), and Orpha-
net databases. The search strategy was performed in 2019
with the population, intervention, control, and outcomes
(PICO) methodology, and in the broadest possible way to
improve the sensitivity of the search (no limits on the date
of publication, any type of original epidemiological study,
and in any language but whose abstracts were available in
Spanish or English). An operational definition of hypo-
phosphatemic rickets’ case was established for the selec-
tion (Table 1).
Role of the funding source
The funding source had no role in study design, data
collection, data analysis, results interpretation, or writ-
ing of the report.
Results

Systematic review and Model Adjustment
Eleven original studies were retrieved with information
on population frequency measures (Figure 2). However,
most were related to the distribution of mutations in
the population with hypophosphatemic rickets diag-
nosed by clinical and laboratory tests. Only three studies
had nationwide prevalence estimates of hypophosphate-
mic rickets, with values ranging between 0¢65 and 4¢8
cases per 100 000 people. None of them were carried
out in Colombia or in Latin America.

Three original studies of hypophosphatemic rickets
in Colombia were found,30−32 but none of them had an
original frequency measurement. Original studies
found in Colombia reported prevalence only as data
retrieved from other review articles.
Estimated prevalence in Colombia
Our model estimated, for 2018, a prevalence of hypo-
phosphatemic rickets in Colombia of 2¢03 cases per
100 000 inhabitants (equivalent to 0¢0203 cases per 1
000 inhabitants). According to the results of the 2018
www.thelancet.com Vol 7 Month March, 2022



Figure 2. Systematic review search algorithm.RID=Institutional Digital Repository.
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population census, Colombia has 48 258 494 inhabi-
tants, with 51¢2% being women.27 Based on this popula-
tion, it is inferred that there exist 981 cases of living
people with hypophosphatemic rickets, 336 would corre-
spond to men and 645 to women (65¢8%).
www.thelancet.com Vol 7 Month March, 2022
DISMOD II allows to do sensitivity exercises of the
estimates. Thus, a simulation was performed using a
uniform distribution in the estimation parameters. A
uniform distribution (U [a * 0¢97, a * 1¢03]) was used
around each of the parameters; that means that a
5
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uniform distribution of 6% amplitude was assumed.
DISMOD II performed a Monte Carlo simulation to
produce a sensitive interval on prevalence.

Overall, the estimated prevalence for diagnoses of hypo-
phosphatemic rickets (E833 ICD-10 code) was 2¢03 cases
per 100 000 inhabitants, with a sensitive range of 1¢98 to
2¢09 per 100 000 inhabitants. When translated into num-
ber of cases (using the 2018 population census), between
954 and 1 008 cases of hypophosphatemic rickets are esti-
mated in Colombia. The estimated prevalence and corre-
sponding sensitive range were 2¢61 (2¢53 − 2¢68) rate per
100 000 inhabitants for women, and 1¢43 (1¢39 − 1¢46)
rate per 100 000 inhabitants for men.
Discussion
We calculated the prevalence estimation of hypophos-
phatemic rickets in Colombia from current, nationwide,
and real-world data because of the characteristics of the
sources used. Furthermore, this becomes the first
nationally-representative estimated prevalence of famil-
ial rickets. This estimation generates a pre-test probabil-
ity framework useful for the clinical practice. Also, as a
frequency measure of a chronic disease, it allows to
make national or international temporal comparisons.

Prevalences of less than 1 case per 1 000 000 inhabi-
tants have been reported for autosomal dominant hypo-
phosphatemic rickets and hypophosphatemic rickets
with hypercalciuria.33,34 The worldwide prevalence of
XLH rickets is considered to be 1 to 9 cases per
1 000 000 inhabitants.35 In Latin America, one case is
reported for every 20 000 children.31,36 However, these
data correspond to subject reviews and not to original
studies.

Beck-Nielsen et al. used population databases to esti-
mate the prevalence and to define the disease case in
southern Denmark. They studied a population-based
retrospective cohort by reviewing medical records, and
estimated a prevalence of hypophosphatemic rickets of
4¢8 per 100 000 inhabitants aged 0 to 14¢9 years.37

Rafaelsen et al. also used national databases and the
E833 ICD-10 code to estimate hypophosphatemic rickets
prevalence. They studied a cohort of children in Norway
with 28 cases of diagnosed hypophosphatemic rickets
(21 of them confirmed by genetic study), and estimated
a prevalence of 1 in 60 000, equivalent to 1¢67 cases per
100 000 inhabitants.29

For the United Kingdom, a prevalence of 0¢65 cases
per 100 000 inhabitants was preliminarily estimated
using clinical databases and a probabilistic case classifi-
cation.38 After our systematic search, a study was pub-
lished with an adjustment of the prevalence estimate to
1¢5 cases per 100 000 inhabitants.39

Colombia is the most populous nation of Spanish-
speakers in South America and is almost five times bigger
than the United Kingdom. Also, it is nine times more pop-
ulated than Norway or Denmark. A strength of our study
is the potential generalization of the findings, considering
the population and characteristics of the sources used
(nationwide, comprehensive census data).

Population analysis of heritage genetic diseases may
show heterogeneous distribution among different
regions because of race-specific biological predisposi-
tion, selection pressure, and inbreeding or consanguin-
ity behavior. Usually, familial hypophosphatemia has
no selection pressure.

Latin American population shows extensive genetic and
phenotypic diversity, and Colombia is not an exception.
European and African ancestries (Europe 61¢9%, America
29¢2%, Africa 9¢6%) are slightly more significant than
those in most of the Latin American countries.40 Colom-
bian population displays consanguinity rates similar to
those in the countries that we used for comparison of hypo-
phosphatemic rickets’ prevalence. In fact, consanguinity
rates are less than 5% than those in China, Russia, Aus-
tralia, Europe, and all-America.41,42 Consequently, the
hypophosphatemic rickets’ prevalence should not have
many variations within Colombia, even in Latin America.
Although some endogamic point into each country may be
possible.

Familial hypophosphatemia affects both males and
females. In our estimation, 65¢8% of living people with
hypophosphatemic rickets correspond to women
(Colombian women are 51¢2% of the population). XLH
is the most common form of heritable rickets, while
related disorders (ADHR and ARHR), are encountered
far less frequently. Therefore, an excess of females is
expected from an X-linked disorder which is consistent
with other studies.39

DISMOD II is a useful tool to assess disease duration,
disability, burden of disease, prognosis, economic evalua-
tion, and provision of health resources.19,20,24 Further-
more, it allows us to estimate epidemiological parameters
of rare diseases such as in our research.23−25 Estimations
produced with DISMOD II have limited capacity to detect
changes over time or to make estimates in the medium
or long term. In addition, they show relative instability in
the age subgroups with a small number of cases because
few cases in a specific age group can cause a significant
change in the prevalence estimate. Therefore, we recom-
mend our prevalence estimate to be considered at a
national level, and to be used for a specific point in time
and not for forecast.

Few original studies with prevalence estimations of
this disease have been published worldwide. Our preva-
lence is higher than the usual one reported, but it is con-
sistent with other prevalences from the original studies
based on the population database Table 2. Thus, we can
outline the hypothesis that the prevalence of hypophos-
phatemic rickets might be higher than the one tradition-
ally reported. This could be explained by a greater access
to medical services, greater recognition of the disease
among professionals, or a better quality of coding and
registration.
www.thelancet.com Vol 7 Month March, 2022



Country Prevalence (Rate per 100 000 inhabitants)

Global (usually reported) 0¢1 - 0¢9
United Kingdom 1¢5
Norway 1¢67
Colombia 2¢03 (1¢98 − 2¢09)
Denmark 4¢8

Table 2: Comparison of the estimated prevalence’s of
hypophosphatemic rickets. Colombia versus world estimates.
Note: After our systematic search, a study was published with adjustment

of the information for the United Kingdom. It reported a prevalence of

XLH (with 2016 estimates) in childhood and adulthood of 15¢1 (95%

CI = 11¢3-20¢1) and 15¢7 (95% CI = 11¢8-20¢9) per million, respectively. 33

This is equivalent to 1¢5 cases per 100 000 inhabitants.
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The E833 ICD-10 code includes phosphorus metabo-
lism disorders which correspond to hypophosphatemic
rickets and closely related diseases. Causes of hypophos-
phatemia include deficiency of phosphorus in the diet,
its malabsorption, iatrogenic disease, and increase in
the loss of phosphorus (such as in hypophosphatemic
rickets).43 Hypophosphatasia is also a phosphorus
metabolism disorder, but with a different clinical pre-
sentation.44 All these situations contribute to an overes-
timation of the hypophosphatemic rickets’ prevalence.

Our estimation is subject to underreporting of cases
due to cases of hypophosphatemic rickets in the process
of diagnostic confirmation from differential diagnoses,
cases with a confirmed diagnosis that were not regis-
tered in the clinical records, deaths due to hypophospha-
temic rickets that were not registered in the vital
statistics, and cases that were registered with a cause of
death other than the E833 ICD-10 code.

Acquired causes of renal phosphate wasting disor-
ders are seldom considered as part of hypophosphate-
mic rickets. They rarely appear and are usually caused
by a humoral factor such as FGF23 produced by benign
mesenchymal tumors. This phenomenon is best known
as tumor-induced osteomalacia.6 Nevertheless, there is
a low probability that doctors coded this diagnosis using
E833 ICD-10 because it is classified as a mixed connec-
tive tissue tumor (M83.8 ICD-10 code: “Other adult
osteomalacia”).45

The differential main diagnoses of hypophosphate-
mic rickets are osteochondrodysplasias (pathological
growth arrest in growth plates), bone fibrous dysplasia,
and Fanconi renal syndrome.46 However, it is unlikely
to code these diagnoses using E833 ICD-10 because the
dysplasias have similar clinical manifestations (espe-
cially at initial stages) but no renal phosphate waste.
Therefore, clinicians use Q78 ICD-10 “Other
osteochondrodysplasias” related code.47 On the other
hand, Fanconi renal syndrome is an acidification disor-
der characterized by renal proximal tubule dysfunction
with chronic kidney disease degree. Thus, E72 ICD-10
“Other disorders of amino-acid metabolism” or N25
www.thelancet.com Vol 7 Month March, 2022
ICD-10 “Disorders resulting from impaired renal tubu-
lar function” related codes48 are more feasible to be
used.

Due to the Colombia’s proximity to the equator, its
weather is tropical and generally isothermal (without
any real seasons change). Hence, there is sunlight expo-
sition throughout the year. Rickets may occur as a result
of Vitamin D deficiency, usually by nutritional insuffi-
ciency in combination with a lack of sunlight expo-
sure.49 In Colombia, this situation is unlikely; but it
would be a consideration as differential diagnoses in
other countries with less sunlight.

The best-adjusted prevalences for rare and genetic
diseases must consider molecular confirmation, but it is
not always available. To improve estimations of hypo-
phosphatemic rickets, unique and different codes must
be created for hypophosphatemic rickets and other
phosphorus metabolism disorders. This would be par-
ticularly important to consider for the new ICD-11.50

Population surveys are probabilistic epidemiological
studies suitable to estimate prevalence. However, they
are not feasible in rare diseases due to the characteris-
tics of these diseases.51 Hence, this study shows an alter-
native with a cost-efficient methodology in that regard.
Nevertheless, comparisons of other original studies
with our research should be cautious on the divergence
in study populations, methods, and sources of informa-
tion. To easily make international comparisons, more
collaborative work is needed to generate patient registry
and validation of cases of hypophosphatemic rickets.
Also, more studies with cases confirmed by molecular
methods are needed.

In conclusion, our study provides the first prevalence
estimate of hypophosphatemic rickets in Colombia, and
the first original estimate in Latin American. It shows
consistency with international original studies as well.
Hence, our estimation can be a reference for analytical
studies aiming at rare diseases and is suitable for Latin
America because it provides a lower-cost methodology
to estimate prevalences. However, further analytical
studies are required to deepen our outcomes, using the
analysis of each case (through clinical and biochemical
records, and molecular confirmations).
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