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The aim of the study is to optimize the method of osteoporosis (OP) risk prediction in patients with type 2 diabetes mellitus (DM)
and non-alcoholic fatty liver disease (NAFLD) by using specific and sensitive diagnostic criteria.

Materials and methods. The design of the risk prediction method of the OP development in patients with type 2 DM and NAFLD
was conducted by using the most significant diagnostic indicators. The calculation method of the OP risk probability in patients
with type 2 DM and NAFLD was developed by using statistical methods of multivariate factor analysis and logistic regression. The
method was evaluated in the Clinic of the State Institution “V. Danilevsky Institute for Endocrine Pathology Problems of the National
Academy of Medical Sciences of Ukraine” in 51 patients, whose average age was 63.2 + 0.99 years with the average duration of
type 2 DM 7.84 + 0.68 years.

Results. In order to establish the diagnostic accuracy of the proposed method of the OP development risk prediction in patients
with type 2 DM and NAFLD, the data on all examined patients were analyzed and the following diagnostic characteristics were
obtained: the sensitivity of the developed method is 88.23 %, the probability of a negative result with a negative prognosis, or
the specificity of the developed method, is 70.58 %; the accuracy (the proportion of true-positive results and true-negative results)
is 82.35 %, the odds ratio is 18.37.

Conclusions. The proposed OP risk prediction method in patients with type 2 DM and NAFLD allows obtaining reliable pre-
dictions with sufficient accuracy for practical use. The application of this method will serve beyond assessing the risk of OP
development, but also to provide timely treatment with drugs aimed to prevent the OP progression and to avoid complications,
thereby reducing disability and influencing the quality of life.

MporHo3yBaHHA pU3UKY PO3BUTKY OCTEONOPO3Y B NaLiE€HTIB
i3 LyKpoBUM AiaGeTom 2 TUNY Ta HEAAKOTOABHOLO YXXMPOBOIO XBOPO6OIO NEUiHKK

10. 0. TitoBa, K. B. Mictopa, H. 0. KpaBuyH

Merta po6oTtu — onTumi3aLiis cnocoby NporHo3yBaHHs puaiKy po3suTKy octeonoposy (OMN3) y navieHTiB i3 LykpoBuM AiabeTom
(L) 2 Tvny Ta HeankoronbHo XupoBoto XBopoboto neviHku (HAXKXIT) LWnsixoM BUKOPUCTaHHS CrneumdidHuX i YyTnmeux dia-
THOCTUYHUX KpUTEPIIB.

Marepianu Ta meTogu. Cnoci6 nporHosyBaHHs puaunky po3sutky O3 y nauienTis i3 LA 2 Tuny Ta HAXKXT po3pobunu, 3acTo-
COBYHOUM HaNBINbLL 3HaYYLL AiarHOCTUYHI Moka3HMKK. Crocib po3paxyHKy MMOBIPHOCTI puanky po3suTky O3 y nauienTis i3 L 2
Tuny Ta HAXKXIT po3pobneHnit i3 BUKOPUCTaHHAM CTAaTUCTUYHIX METOZIB 6araToBUMIPHOrO aKTOPHOTO aHanisy Ta MoricTUYHOT
perpecii. Cnocib anpobosaHo y kniHiui Y «IHCTUTYT npobnem eHOokpuHHOI natonorii imeHi B. A. [aHunescbkoro HauioHanbHoi
akageMii MegnyHuX Hayk YkpaiHu» Ha 51 nauieHToBi, cepenHin Bik sikux ctaHosuB 63,2 + 0,99 poky 3 Tpusanictio L 2 Tuny B
cepegHbomy 7,84 £ 0,68 poky.

PesynkraTtu. [ns BCTAHOBNEHHS [iarHOCTUMYHOI TOYHOCTI 3anpornoHOBaHOrO Crnocoby NporHo3yBaHHsS puanky possuTtky O3 B
oci6 i3 HAXXI i L 2 Tuny npoaHanisysanu faHi BCiX NaLieHTIB Ta OTpUMani Taki JiarHOCTUYHI XapaKTepUCTUKM: YyTIIMBICTb
po3pobneHoro cnocoby ctaHoBUTb 88,23 %, iIMOBIPHICTb HEraTUBHOTO Pe3ynbTaTy Npy HeraTUBHOMY NPOrHO3i, TO6TO cnewmdiy-
HicTb po3pobnieHoro crocoby — 70,58 %, TOYHICTb (YacTka ICTUHHO NO3UTUBHMUX Ta ICTUHHO HeraTBHUX pesynbTatie) — 82,35 %,
BiAHOLLEHHS LWaHciB — 18,37.

BucHoBku. Po3pobneHuin cnocib nporHo3dyBaHHs puanky po3sutky O3y nauienTis i3 LI 2 Tuny Ta HAXKXI gae MmoxnueicTe
OTPUMYBATM BipOTiAHI MPOrHO3W 3 TOYHICTHO, L0 AOCTATHS A5 MPaKTUYHOIO 3acTOCYBaHHs. BukopucTaHHs Lboro cnocoby
[ae 3MOry He TinbKu ouiHUTK pu3unk po3suTky O3, ane i cBOEYacHO NPOBOAWTY MNiKyBaHHS NaLieHTiB npenapatamy Ans
3anobiraHHs nporpecyBaHHo O3 i 10ro ycknagHeHb, CNPUSYN 3HKEHHIO iHBaniaW3aLlii Ta BNMBaOUM Ha SIKICTb XUTTS.

I'Ipon-losuposal-me PUCKa pa3BUTUA OCTeonopo3a y naLuueHToB
C CaxapHbIM AMa6eTOM 2 TMNa U HeaAKOroAbHOM )KMpOBOﬁ 60Ae3HbIO NeYeHU
10. A. TutoBa, E. B. Muctopa, H. A. KpaBuyH

Llenb pabotbl — onTuMmaaumst cnocoba NporHo3MpoBaHus pucka pa3suTust octeonoposa (O3) y naumeHToB ¢ caxapHbiM
anabetom (CL) 2 Tvna 1 HeankoromnbHO XupoBoi 6onesHbto neveHn (HAXKBIT) 3a cueT ncnonb3oBaHus CneunduyHbIX 1 YyB-
CTBUTENbHbIX AMArHOCTUYECKIX KPUTEPHEB.
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Marepuans! u Metogbl. Crnocob nporHoaunpoBanms pucka passutist OM3 y nauvenTos ¢ CL 2 Tuna u HAXKBIN paspabotaH
C NpUMeHeHNeM Hambonee 3HaYMMBbIX AMArHOCTUYECKUX NokasaTenen. Cnocob pacyeta BepoATHOCTW pucka passutus OMN3
y naumnenToB ¢ C1 2 tuna n HAXBI paspaboTtaH ¢ UCMONb30BaHWEM CTaTUCTUYECKUX METOLOB MHOTOMEPHOMO (PaKTOPHOTO
aHanusa u noructnyeckon perpeccun. Cnocob anpobuposaH B knnHuke Y «HCTUTYT npobnem SHAOKPUHHONM naTonoruu
nmenu B. A. [lanmnesckoro HavuvoHanbHo akagemum MeauLmMHCKIX Hayk YkpanHbl» Ha 51 nauueHTe, cpeaHui Bo3pacT KOTOPbIX
coctaBun 63,2 + 0,99 roga ¢ gnutensHocTbto C 2 Tuna B cpegHem 7,84 + 0,68 roga.

Pesynerartbl. [Ins yCTaHOBNEHNS AMArHOCTUYECKOV TOYHOCTY Npeaiaraemoro cnocoba NnporHo3upoBaHus pucka passutus OMN3
y nuu ¢ Hannumem HAXKBI 1 CJ 2 Tvina npoaHanuavpoBaHb! AaHHbIe BCEX MCCIeayeMblX MaLMEHTOB U NomyyeHbl Takue auarHo-
CTUYECKNE XapaKTEPUCTUKU: YyBCTBUTENBHOCTL padpabotaHHoro cnocoba coctaenset 88,23 %, BEpOSTHOCTb OTPULIATENBHOMO
pesynbTata npu HeraTMUBHOM NPOrHO3e, TO eCTb cneundriHOCTL paspabotaHHoro cnocoba — 70,58 %, TOYHOCTL (4OMNs UCTUHHO
MOMOXWTENbHBIX U UCTUHHO OTpULATENbHBIX pedynbtaToB) — 82,35 %, OTHOLLeHMe WwaHcoB — 18,37.

BbiBoabI. PaspabotaHHbiin cnoco6 nporHo3vpoBaHus pucka passutus OM3 y naumenTos ¢ CO 2 tuna n HAXKBI no3sonset
roryyaTb JOCTOBEPHbIE NMPOrHO3bl C TOYHOCTbIO, OCTATOMHOM 1S MPAKTUYECKOro NpuMeHeHus. MpuMeHeHre criocoba no3sonuT
He TOrbKO OLiEHNTb prck pa3suTus O3, HO 1 CBOEBPEMEHHO NPOBOAVTL NE4EeHe NaLVeHTOB NpenapaTtamm Anst NpeaoTBpaLLeHms
nporpeccuposanst O3 1 ero 0CnoxHEHMI, 4To ByAeT Cnoco6CTBOBATH CHYKEHIIIO MHBANMMAW3ALMM U BIIUSITb HA KAYECTBO XM3HM.

Diabetes mellitus (DM) and its complications are related to
the essential medical, social and economic problems that
medicine faces today [1]. Itis known that DM increases total
mortality by 2-3 times, the risk of coronary heart disease and
myocardial infarction by 2 times, and arterial hypertension
by 3 times [2,3]. Despite the lack of clear statistics in different
countries, there are assumptions that almost 2/3 of patients
with type 2 DM have NAFLD [4]. All diabetic complications
influence patient's quality of life and, unfortunately, are
associated with premature disability and lethality [4-8].

Osteoporosis (OP) is the most common systemic dise-
ase of the skeleton, characterized by reduced bone mass,
structural changes in the bone tissue and even minimal
trauma can lead to fractures [9]. According to the World
Health Organization (WHO), OP is among the four diseas-
es that occupy leading positions in terms of disability and
mortality along with cardiovascular diseases, diabetes and
cancer pathology [10-14].

Type 2 DM and OP are two metabolic diseases,
the prevalence of which has increased significantly in
recent times [14]. This can be explained by several factors
and, first of all, by the global aging of population. The com-
bination of violations causes a spectrum of problems and
various states, when several pathologies observed in one
individual mutually aggravate each other, thereby multiplying
the pathological effect [15,16].

OP may remain asymptomatic for a long time up to
a fracture occurrence, so an important aspect of this pa-
thology study is the identification of new risk factors for its
development.

The coexistence of type 2 DM and NAFLD in patients
can be a consequence of vitamin D deficiency in the body
or result in its deficiency causing a disruption of calcium
absorption and the bone tissue calcification. The situation
influences structure of the bone tissue and can cause OP
[17-20].

In this case, shared etiology suggests that combined
course of type 2 DM and NAFLD with concomitant OP is
not accidental and this fact may enhance the pathological
process development and lead to adaptive mechanisms
failure and adverse course of comorbid pathology [21,22].

Diagnosis of OP in patients with type 2 DM and
NAFLD has a great clinical significance, as this condition is
reversible in case of appropriate treatment, as well as timely
prevention measures that can reduce the complications
resulting in disability [22,23].

Some aspects of the early OP diagnosis have not yet
been resolved, effective methods of its development pre-
diction in order to use timely therapeutic measures have not
been developed, and this fact can be crucial for increase in
life expectancy and quality of life improvement among type
2 DM patients with NAFLD [24].

There is a prediction method of femoral neck fractures
that includes determination of a number of risk factors —
the structural features of this region [25]. With the help of
this method, according to a scanned image, the femoral
neck length and width are determined, which also assess
the hip fracture risk. However, such ratios are not based on
the study of major risk factors, in particular, bone mineral
density.

There is also a way to predict fractures of the proxi-
mal femur in women over 50 years [26], according to
which Dual energy X-ray absorptiometry is performed and
scanned images of the femur bone mineral density help to
determine the femoral neck length and width, a hip index
and hip fracture risk factors. The disadvantages of this
method that allows determining the risk are its focus on
a particular range of individuals who can be examined in
this way, the complexity of multi-stage and duration of this
kind of examination. The presence of subjective factors
influences further decisions. The method does not provide
the possibility to compare obtained indicators detected in
dynamics, which does not allow assessing the direction of
changes [26].

Another known today method to diagnose the OP se-
verity, in particular it is applicable for patients with fractures
of long tubular bones [27], includes determination of serum
thermolabile alkaline phosphatase and acid phosphatase
activity, and 24 -hour urinary total hydroxyproline and cre-
atinine concentrations with their ratio calculation. However,
this method requires a measurement of several parameters
and their ratio; it should be carried out within 2-3 days for
reliable estimates, a patient must follow a diet during this
period, and 24-hour urine samples should be collected daily
to determine the concentration of total hydroxyproline. In
addition, hydroxyproline reflects the collagen metabolism
from other connective tissue sources, and not only from
the bone, which reduces the sensitivity of the method.
Moreover, this method is only appropriate for examination
of patients with consequences of pre-existing fractures of
long tubular bones and it does not involve an identification
of individuals with the risk of OP development, therefore it
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is not well-suited to determine the necessity of preventive
measures, OP correction and prevention of osteoporotic
fractures [27].

Thus, at present, some aspects of early OP diagnosis
are not yet fully solved and effective methods for its deve-
lopment prediction for the timely application of therapeutic
measures have not been developed, so this fact can be
crucial for increase in life expectancy and quality of life
improvement in patients with type 2 DM and NAFLD.

Aim
The purpose of the work is to optimize the method of OP

risk prediction in patients with type 2 DM and NAFLD by
using specific and sensitive diagnostic criteria.

Materials and methods

In total, 51 patients with type 2 DM and NAFLD with or
without OP were selected.

The method was tested in the Clinic of the State In-
stitution “V. Danilevsky Institute for Endocrine Pathology
Problems of the National Academy of Medical Sciences
of Ukraine”. The average age of patients was 63.2 + 0.99
years, and the average duration of type 2 DM was
7.84 + 0.68 years.

The exclusion criteria used in the study were as fol-
lows: patients with a history of type 1 DM, pathological and
secondary obesity, severe somatic and mental disorders,
alcohol abuse, use of hepatotoxic drugs, viral hepatitis,
chronic diseases of the gastrointestinal tract, dyspepsia.
The study also did not include patients with acquired and
congenital heart defects, inflammatory diseases in the acute
stage, functional disorders of the thyroid gland, chronic
kidney disease with creatinine level >200 umol/l, chronic
obstructive pulmonary disease stage Ill-1V, concomitant
cancer, a history of lymphoproliferative disease.

Written informed consent was obtained from all the pa-
tients before the study procedures. During the clinical study,
the safety measures for the patient’s health, protection of
patient’s rights, human dignity, moral and ethical standards
were provided in accordance with the principles of the Hel-
sinki Declaration (1964), the Council of Europe Convention
on Human Rights and Biomedicine, and the relevant
Ukrainian laws; the study protocol was approved by the Bio-
ethics Committee of the State Institution “V. Danilevsky
Institute for Endocrine Pathology Problems of the National
Academy of Medical Sciences of Ukraine”.

It should be mentioned that type 2 DM was diagnosed
according to the World Health Organization 2013 criteria and
NAFLD was established in accordance with the provisions
of the Ministry of Health of Ukraine Order No. 826 dated
November 6, 2014 “On approval and implementation of
medical and technological documents on standardization
of care in chronic non-infectious hepatitis”, namely “Uni-
fied Clinical Protocol for primary, secondary (specialized)
medical care. Non-alcoholic steatohepatitis”. Thus, the di-
agnosis of NAFLD was established based on the history,
clinical, biochemical studies, and ultrasound, as well as on
the FibroTest results. Fatty liver dystrophy was established
by the following ultrasound criteria: 1) increased liver echo-
genicity; 2) disturbance of the ultrasound wave propagation
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and signal attenuation; 3) impaired visualization of the portal
and hepatic vein branches; 4) liver enlargement.

The biochemical and immunological study was per-
formed in the certified clinical and diagnostic laboratory
(certificate number 01-0166/2018 dated 21.12.2018) to
measure within the scope of the State Metrological Su-
pervision at the clinic of the SI “V. Danilevsky Institute for
Endocrine Pathology Problems of the NAMS of Ukraine”.

The general clinical examination of a patient included
the collection of complaints and anamnesis, physical ex-
amination with the measurement of anthropometric indices
(height, body weight, and hip circumference (HC)), body
mass index (BMI) and waist circumference (WC)/HC ratio
calculation.

The serum activity of alanine aminotransferase (AlAt)
was determined according to Reitman and Frankel method
on a device Fluorat-02-AVLF-T. The atherogenic coefficient
(AC) of plasma was calculated by the generally accepted
formula.

Determination of 25-hydroxycholecalciferol was car-
ried out by an immunoassay (norm — 30.0-50.0 ng/ml;
<10.0 ng/ml - the risk of deficiency; <30.0 ng/ml — the risk
of inadequate consumption; >150.0 ng/ml — intoxication)
Vitamin D total (Roche Diagnostics, GmbH, Germany);
serum calcium was measured using colorimetric method
CA2 (Roche Diagnostics, GmbH, Germany).

This prediction model can be used in endocrinology
during the examination of patients with type 2 DM and NAFLD
for the OP detection. The main task of this model is to
predict the OP risk development using the most significant
diagnostic criteria, namely clinical, laboratory and functional
methods, to determine the value of BMI (X,), AC (X,), and
the level of circulating total vitamin D, (X,), the activity of
AlAt (X,) and to calculate the prognostic index P according
to the formula:

ey
P=

1+¢

where: y = 7.4796 - 0.1528 x X, - 0.5037 x X, +
+0.1059 x X, - 0.8505 x X, (1)

The value of the prognostic index P > 0.5 indicates
the presence of the OP risk development in patients with
type 2 DM and NAFLD, and P < 0.5 - the absence of such
arisk.

The method of probability calculation of the OP risk
development in patients with type 2 DM and NAFLD was
developed using statistical methods of multivariate factor
analysis and logistic regression. To implement the present
method the following diagnostic parameters were mea-
sured:

— anthropometric — BMI, kg/m?;

— lipidic - AC;

— OP marker— the level of circulating total vitamin D,
ng/ml;

— liver tests — AIAt, umol/hour.ml.

Based on the obtained values of diagnostic indicators
for the developed formulas, the values (y) were calculated
using the formula (1),

where: X, — BMI, X, — AC, X, - the level of circu-
lating total vitamin D,, X, — AlAt; and the probability of
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Table 1. The results of the OP risk prediction method testing in patients with type 2
DM and NAFLD

Study group, Correct prediction
the number of persons obtained with the method
(number of persons)

Erroneous prediction

obtained with the method
(number of persons)
Persons with type 2 DM, NAFLD 30 4
and OP, n =34
Persons with type 2 DM, NAFLD 12 5

and without OP, n = 17

Table 2. Characteristic of diagnostic significance of the logistic model

Sensitivity, % Specificity, % Odds ratio

88.23 70.58 82.35 18.37

Table 3. Diagnostic characteristics of the models for the OP risk determination

Characteristics Sensitivity, % | Specificity, % | Accuracy, % | Odds ratio
of the mathematical models

Logistic regression 88.23 70.58 82.35 18.37
Discriminant analysis 85.29 64.71 78.43 10.64

the OP risk development in patients with type 2 DM and
NAFLD:

where: e = 2.718 — base logarithm.

The value of the prognostic index P > 0.5 indicated
the presence of the OP risk development in patients with
type 2 DM and NAFLD, and P < 0.5 — the absence of such
a risk.

The statistical analysis of the study results was per-
formed using Statistica 13.0 (StatSoft Inc., USA). For
statistical data processing nonparametric methods were
used. The differences between statistical indicators were
significant at a level of P value <0.05. To calculate the factor
of the OP risk development changes and to perform dis-
criminatory analysis, multiple and logistic regression were
applied. Special attention was given to the informativeness
of the developed model (sensitivity; specificity; accuracy).
In order to construct the predictive model of the OP risk
development, the logistic regression method was used.

Results

The results of the OP risk prediction method were tested
in patients with type 2 DM and NAFLD and are presented
in Table 1.

The examples of the proposed method are presented
below for a better understanding.

Clinical example No. 1.

Ab51-year-old patient B., a comprehensive examination
was conducted.

Examination findings: BMI — 23.0 (kg/m?); AC — 1.94;
the 25(OH)) vitamin-D3 level — 13.8 (ng/ml); AlAt — 0.7
(umol/hour.ml).

In calculating the prognostic index according to the cal-
culation formula, we obtained:

y=7.4796 - 0.1528 x 23.0 - 0.5037 x 1.94 + 0.1059
x 13.8 - 0.8505 x 0.7 = 3.854.

Substitution of the formula for y from 3.854 enabled to
calculate the probability of the OP risk, thus we obtained:
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ey e3.854
p= = =0.979
1+¢e¥ 1+ e3.854

The risk probability value of P = 0.999 was greater than
0.5, so the resultindicated a high risk of developing OP. The
probability of the OP development was 97.9 %.

In that case, standard therapy did not demonstrate an
expected outcome. Further follow-up showed signs of OP
in the patient within 12 months confirming our prediction.

Clinical example No. 2.

A 62-year-old patient K. was admitted to the clinic for
a comprehensive examination.

Examination findings: BMI — 40.3 (kg/m?); AC — 6.05;
the 25(OH)) vitamin-D3 level — 11.78 (ng/ml); AlAt —
0.72 (umol/hour.ml).

We substitute the findings into the formula to calculate
the result value:

y=T7.4796 - 0.1528 x 40.3 — 0.5037 x 6.05 + 0.1059
x 11.78 — 0.8505 x 0.72 = -1.0904

Substitution of the formula for y from 1.0904 for the cal-
culation of the OP risk probability:

eY e-1 .0904

1+¢¥

o 0215

The OP risk probability value P = 0.2515 was less than
0.5, so the result indicated the low risk of the OP develop-
ment. The probability of the OP risk was 21.15 %.

Further follow-up showed no OP symptoms in the pa-
tient within 12 months confirming the prediction.

In the present work, sensitivity, specificity, accuracy of
the proposed logistic regression method and the odds ratio
(Table 2) were established analyzing the findings obtained
in all patients involved in the study.

Based on the test results, the probability of OP deve-
loping within one year according to the previously predicted
OP risk —88.23 %; the probability of the negative result with
a negative prediction was 70.58 %, the accuracy (the pro-
portion of true-positive and true-negative test results) was
equal to 82.35 %.

It was identified that the distribution of patients into
the groups of the OP risk development (classification)
according to the proposed model was 18.37 times more
exactly than a random distribution of patients also indicating
the feasibility of this method used for the OP risk prediction
during the population study.

The above presented results were compared to
the similar indicators of the models using discriminant
analysis (Table 3).

Discussion

In order to establish the diagnostic accuracy of the pro-
posed prediction method for OP risk in patients with type
2 DM and NAFLD, the data of patients’ examination were
analyzed and the following diagnostic characteristics
were obtained:

— the sensitivity of the developed method — 88.23 %;

— the probability of a negative result with a negative
prognosis — 70.58 %;
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— the accuracy (the proportion of true-positive and
true-negative results) — 82.35 %j;

—the odds ratio — 18.37 (the odds ratio indicates the risk
profile of OP according to the presented method and it is
18.37 times more accurate than a random prediction).

Using the method of the OP risk prediction, similar data
were obtained in a previously conducted study (I. Zakharov,
2016), which demonstrated the sensitivity of the method of
76.3 %, and the specificity of 87.5 % against 88.23 % and
70.58 %, respectively [28].

Thus, the models developed in the course of the study
with the use of logistic regression and discriminant ana-
lysis are characterized by sufficient sensitivity, specificity,
and accuracy. However, the logistic model demonstrated
the best characteristics, so it is recommended to calculate
prediction for the OP risk with a binary dependent variable
(for two groups) and to use the mathematical model with
logistic regression.

The developed mathematical models are aimed at
identifying the OP risk development in patients with type 2
DM and NAFLD, and can be used to diagnose OP based
on indirect signs. Special attention should be given to
the prognostic index as it can help in the OP risk-stratification
and provide timely treatment strategies for preventing OP
progression as well as to avoid complications in patients
with type 2 DM.

Conclusions

1. Models that are sufficiently sensitive, specific, and
accurate were developed using logistic regression and
discriminant analysis.

2. According to the best characteristics of the logistic
model, it is recommended to calculate the prediction of
OP development with a binary dependent variable (for
two groups) using the mathematical model via logistic
regression.

3. Application of this method will allow not only to assess
the risk of developing OP but also to provide timely therapy
for preventing OP progression and possible complications.

Prospects for further research. Implementation of
the proposed methods in diagnosis of OP in patients with
type 2 DM and NAFLD using specific and sensitive diag-
nostic criteria that would play a valuable role in practical
health care in the foreseeable future.
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