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Russia’s invasion of Ukraine (February 24, 2022) has begun and there are concerns about the impact on 
health care supply and mental health.  This study analyzed tweets in the Ukrainian language to capture the 
medical needs and mental health conditions in wartime Ukraine by focusing on ostensibly relevant words.  
The number of tweets containing the keywords and their overall proportion was compared before and after 
the Russian invasion of Ukraine.  The survey period was divided into four phases—the pre-2022 Russian 
invasion, acute phase (4 weeks), subacute phase (12 weeks), and the chronic phase (8 weeks) up to 
August 10, 2022.  The analysis targeted tweets sent in Ukrainian.  The tweets were screened using a set of 
six classes with 75 key groups and 303 Ukrainian (204 original Japanese) keywords.  Overall, 98,526,440 
tweets were analyzed, with a pre-invasion and post-onset average of 1,096,976 and 3,328,243 tweets/
week (a 3.0-fold increase), respectively.  Of these, 3,197,443 tweets contained the keywords, with a 
pre-invasion and invasion average of 26,241 and 114,640 tweets/week (a 4.4-fold increase), respectively.  
The post-onset phase witnessed a considerable increase in all classes—medical services, treatment, 
medical resources, medical situations, and special situations—but not in the symptom class.  Keywords 
related to psychological distress and anxiety immediately increased during the acute phase; those related 
to depression and post-traumatic stress reactions continued increasing as the invasion persisted, which 
may have reflected the mental state of those impacted.  Analyzing tweets is useful for predicting people’s 
real-time physical and mental health needs during wartime.
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Introduction
On February 24, 2022, the Russian government 

launched a “special military operation.” On the same day, 
military operations began throughout Ukraine, including in 
the vicinity of the Ukrainian capital, Kiev (Russian Ministry 
of Foreign Affairs 2022).  The two countries have been 
engaged in a series of confrontations and conflicts, begin-

ning in the Donbass region of southeastern Ukraine, includ-
ing the annexation of the Crimean Peninsula in 2014; as of 
the end of October 2022, military operations are still ongo-
ing.  This military conflict has predominantly been fought 
inside Ukraine.  Ukrainian citizens are exposed to daily 
threats to their lives, including shelling (Adams et al. 2022).  
A human-induced hazard is similar to sudden-onset natural 
hazards; the 2022 Russian invasion clearly created a differ-



S. Fujii et al.178

ent environment—a disaster.  Concerns exist regarding the 
impact on the medical supply and mental health, and the 
sustainability of daily life (Patel and Erickson 2022; Awuah 
et al. 2022).

Life-threatening events—natural hazards, wars, acci-
dents, crimes, and abuse—trigger acute stress reactions that 
precipitate the development of post-traumatic stress disor-
der (PTSD).  Numerous mental health surveys and research 
projects have examined past disasters caused by natural 
hazards and chemical, biological, radiological, nuclear, and 
high-yield explosive hazards, including nuclear accidents, 
terrorism, and the coronavirus disease 2019 (COVID-19) 
pandemic.  Mental health status during disasters has been 
reported both in cross-sectional assessments at varying 
stages of disaster using various rating scales, and in terms 
of changes over time and long-term prognosis (Hoppen and 
Morina 2019; Blackmore et al. 2020; Kunii et al. 2022a, b; 
Mesa-Vieira et al. 2022).

PTSD was originally identified from research on 
Vietnamese veterans; war experience was the most repre-
sentative event in the onset of PTSD.  Numerous studies 
have examined mental health in wars and conflicts (Murthy 
and Lakshminarayana 2006; Jain et al. 2022), including 
studies with military personnel and soldiers, and with refu-
gees from combat zones and internally displaced persons 
(IDPs), respectively.  Multiple meta-analyses have studied 
refugees and IDPs (Hoppen and Morina 2019; Blackmore 
et al. 2020; Mesa-Vieira et al. 2022), revealing a high prev-
alence of psychiatric disorders, including PTSD (23.8-
31.5%), major depressive disorder (23.4-31.5%), and anxi-
ety disorders (11-14%), suggesting that war significantly 
impacts mental health.  However, these studies have been 
limited to post-event surveys; no studies have investigated 
real-time mental health status during wartime.

In the current situation in Ukraine, limited information 
is available regarding the remaining residents’ mental 
health.  However, considering neighboring countries’ psy-
chological responses, with surveys of adults in non-Ukrai-
nian countries (Moshagen and Hilbig 2022)—such as 
Germany, the United Kingdom, Poland, and the United 
States—reporting high anxiety, anger, and threat levels; and 
surveys of university students in the Czech Republic (Riad 
et al. 2022) reporting high anxiety and depression levels, 
the impact on Ukrainian citizens’ mental health is most 
likely serious.

The challenge is applying the advances in information 
communication technology (ICT) in disaster response.  
During the COVID-19 pandemic, ICT was used in Japan 
and also worldwide, with smartphones being used for digi-
talization of vaccination certificates, contact tracing, and 
managing the physical conditions of those in close contact 
with COVID-19 patients (Fujii et al. 2021).

In this situation in Ukraine, the measurement of physi-
cal and mental health damage would certainly be useful for 
relief and future reconstruction assistance.  Simultaneously, 
wartime is a special and extreme situation.  Therefore, con-

ducting a research survey in such circumstances is an ethi-
cal issue and also poses technical difficulties in administer-
ing the survey while ensuring the investigators’ safety.  
Research using social network services (SNS) may help 
address this particular problem (Arthur et al. 2018; Bennett  
2018; Anderson 2021; Babvey et al. 2021).  Numerous 
studies have used tweet analysis to evaluate the Great East 
Japan Earthquake (Jung and Moro 2014; Takayasu et al. 
2015; Aoki et al. 2018).  Studies have suggested that nega-
tive tweets increase immediately after a disaster and 
decrease over time (Miura et al. 2015), and tweets during a 
disaster may help reduce psychological stress (Umihara and 
Nishikitani 2013).

Per studies on COVID-19, people use SNS to obtain 
information on vaccination and other topics, and the accu-
racy of such information resources is important to promote 
vaccination.  One study evaluated the accuracy of tweet 
information (Skafle et al. 2022).  Another study examined 
the natural language processing of tweet content and ana-
lyzed emotions such as “anger” to predict people’s aggres-
sion under lockdown with the objective of preventing the 
spread of infection (Hsu and Tsai 2022).

Per a study on the 2022 Russian invasion of Ukraine, 
the frequency of following the news and social media use 
was associated with higher levels of anxiety and depressive 
symptoms (Riad et al. 2022), suggesting that the use of 
social media, including SNS, is useful for sharing valuable 
information during disasters and also for realizing mental 
status.

Therefore, the tweet analysis of Ukrainians’ life, medi-
cal environment, and physical and mental health conditions 
from outside Ukraine would be useful to assist those who 
suffered from the disaster and support reconstruction fol-
lowing Russia’s invasion.  Along with solving the difficul-
ties of using surveys during wartime, it could also be useful 
during sudden-onset disasters.

This study used keywords in the Ukrainian language, 
presumably relevant to the medical and public health envi-
ronment, medical needs, and mental health conditions.  We 
surveyed the tweets in Ukrainian that were presumably sent 
from within Ukraine to check if they contained these key-
words.

Before and after the Russian invasion of Ukraine, the 
number of tweets containing the keyword and its percent-
age in the total number of tweets was analyzed to assess the 
medical environment, medical needs, and mental health 
conditions in Ukraine under wartime conditions.

Materials and Methods
Phases and targets

The Russian invasion began on February 24, 2022—
the starting point.  The survey period, centered on February 
24, 2022, was divided into two parts: the pre-2022 Russian 
invasion phase (17 weeks) starting from November 1, 2021; 
and the study period, which runs from the start of the inva-
sion until August 10, 2022, though the war is still ongoing.  
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Furthermore, the invasion phase was divided into the acute 
phase for four weeks from the date of invasion, the sub-
acute phase for the following 12 weeks, and the chronic 
phase for eight weeks.

The analysis targeted tweets sent from Twitter services 
in Ukrainian during the study period.  Tweets containing 
the target keywords were counted for each week and each 
phase, and tweets were categorized as tweets, retweets 
(RTs), replies, and quote-retweets (QRTs) to exclude the 
truly duplicated ones (Fig. 1).

As the tweets’ location (account registration’s location) 
could be obtained, all tweets in the Ukrainian language 
were included as tweets among people in wartime situa-
tions.

Keyword setting in the Japanese language and conversion 
to the Ukrainian language 

As the keywords to be searched have multiple expres-
sions and notations for the same meaning, multiple similar 
expressions were prepared in Japanese for each keyword to 
create a keyword group (hereinafter referred to as KeyGrp) 
in the Ukrainian language; similar keywords were not 
duplicated between the KeyGrps (Keyword List: 
Supplementary Tables S1 and S2).

Even if there were multiple similar expressions 
belonging to the same KeyGrp in a tweet, the number of 
KeyGrps to be counted was one.  However, if there were 
keywords with different KeyGrps in a tweet, each KeyGrp 
was counted.  For quotations and replies, the original tweet 
was not counted for keyword analysis (Fig. 1).

The KeyGrps were divided into six classes—“medical 
service,” “symptom,” “treatment,” “medical situation,” 

“special situation,” and “mental health”—in the Japanese 
language for better design among Japanese researchers and 
for future application to possible disasters in Japan.

The “medical service” class included nine KeyGrps: 
medicine, antidiabetic agent, anti-hypertensive, medical 
treatment, surgery, injection, drawing blood, clinical exami-
nation, and image inspection.  The “symptom” class 
included ten KeyGrps: fever, headache, stomachache, 
vomit, toothache, diarrhea, cough, runny nose, chilblains, 
and burn.  The “treatment” class included ten KeyGrps: 
sick, injury, bleeding, stop bleeding, fracture, cast, medical 
procedures, cardiopulmonary resuscitation, hypothermia, 
and childbirth.  The “medical resource/medical situation” 
class included ten KeyGrps: hospital, doctor, nurse, phar-
macist, patient, pregnant woman, newborn baby, older peo-
ple, disabled person, and child.  The “special situation” 
class included ten KeyGrps: explosion, fire, accident, rape, 
violence, burial, death, incident, theft, and disaster.

The KeyGrps in the “mental health” class were 
extracted from five categories that included mental symp-
toms and mental status and were considered susceptible 
after a disaster: psychological distress, depression, anxiety, 
post-traumatic stress response (PTSR), and resilience, 
which have also been frequently examined in previous 
disasters (Kunii et al. 2022a, b).  The number of KeyGrps 
belonging to each of the above categories was five for psy-
chological distress, ten for depression, five for anxiety, 18 
for PTSR, and one for resilience; however, excluding those 
that overlapped among the categories, 26 KeyGrps were set 
in the “mental health” class.  Along with the international 
diagnostic criteria for mental disorders, several question-
naires were referenced to select the keywords and set the 

Fig. 1.  Types of tweets, keyword coverage, and how to correct the duplicated counts.
Keywords in the original tweets of quoted retweets and reply tweets are not included in the extraction.  Since there are 
both quoted retweets and retweets, and both quoted retweets and reply tweets, the duplicated parts are excluded from 
quoted retweets and adjusted.
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KeyGrps related to psychological distress, depression, anxi-
ety, PTSR, and resilience.

Overall, six classes, 75 KeyGrps, and 204 keywords 
were set in Japanese.  The keywords were converted from 
Japanese to 308 Ukrainian keywords by native Ukrainians 
who could interpret Japanese (Supplementary Table S1).

Aggregation method
The tweet counts were obtained from Google Apps 

Script (GAS) installed on a Google Spreadsheet using the 
Twitter application programming interface (API).  Full-
archive tweet counts were accessed with academic research 
privilege.  As some quoted retweets (QRTs) were also 
retweets or replies, duplicated QRTs were excluded to 
obtain the logical total number of QRTs (Fig. 1).

Statistical analysis methods
The analysis was based on the total number of tweets 

in Ukrainian (population) and the χ-square test in a 2 × 4 
table, with the number of detections per KeyGrps in each of 
the four phases.  We created categories based on the num-
ber of tweets that included and did not include keywords in 
each phase.  As we did not investigate whether tweets from 
the same account increased or decreased in each phase and 
because tweets from accounts that were not in use before 
the pre-2022 Russian invasion were included, we created 
categories based on the number of tweets that included and 
did not include keywords in each phase.  The weekly aver-
age number of transmissions in each phase, as well as the 
fold-increase compared to the pre-2022 Russian invasion 
average, were calculated to verify the increase or decrease 
for each KeyGrp.  In the mental health KeyGrp, we exam-
ined each of the five categories of mental health status listed 
above.  Statistical analysis was conducted using StatFlex 
Ver. 6.0 (Windows version) from the Institute of Medical 
Statistics (Ube, Japan).

Limitation
As Twitter cannot obtain the location of the tweets, we 

assumed that tweets in the Ukrainian language were the tar-
get tweets, but it does not ensure that the tweet was sent out 
in Ukraine during the war.  The count of each KeyGrp was 
based on the number of matched words, and determining 
how the keywords were used and the context of affirmation/
negation was impossible.  This was handled by employing 
native Ukrainian translators and reflecting Ukrainians’ 
unique phrases in keywords.  The total number of converted 
Ukrainian keywords was 303, compared with the original 
Japanese 204 keywords.  This approach enabled us to con-
sider the context to some extent, but it remains presumable.

As the sender’s property was not accessible, determin-
ing whether the tweet was sent by a news organization or a 
person was impossible.  This was partly estimated by ana-
lyzing the relationship between the types of tweets (e.g., the 
relationship between the number of tweets and number of 
retweets for the purpose of diffusion).  The tweet content’s 

accuracy has not yet been evaluated.  Although some of the 
tweets were, undeniably, fake or intended for the purpose of 
manipulation or intervention, all the tweets were included 
and analyzed.

Results
Trends in overall tweets

The total number of tweets in Ukrainian during the 
study period was 98,526,440, with a pre-invasion average 
of 1,096,976/week and an invasion phase average of 
3,328,243/week with a 3.034-fold-increase (Table 1).  Of 
these, the total number of tweets containing some keywords 
was 3,197,443, with a pre-invasion average of 26,241 and 
an invasion phase average of 114,640/week with a 4.368-
fold increase.  The number of tweets increased significantly 
within the first week of the invasion and decreased gradu-
ally over time, but remained significantly higher than in the 
pre-invasion phase throughout the study period (Fig. 2).

Changes by class
The results for each keyword class revealed that the 

weekly average number of tweets increased in each class 
after the invasion compared with the pre-2022 Russian 
invasion phase.  (Table 1, Fig. 2).  The most remarkable 
“special situation” class indicated a high sending rate, 
which was 2.05-fold higher in the acute phase, 1.85-fold 
higher in the subacute phase, and 1.60-fold higher in the 
chronic phase than in the pre-2022 Russian invasion phase, 
suggesting that the respondents sought information about 
the damage caused by the invasion.  The “medical situa-
tion” class was 1.42-fold higher in the acute phase, 
increased in the sub-acute phase (1.51-fold), and remained 
high in the chronic phase (1.36-fold).  The “medical ser-
vice” class was high during the acute phase (1.38-fold) but 
gradually declined to a relatively flat level of 1.20-fold in 
the subacute phase and 1.16-fold in the chronic phase.  In 
the “treatment” class, the ratio in the acute phase fell below 
the pre-2022 Russian invasion phase (0.6-fold) and 
remained at the same level as pre-2022 Russian invasion 
phase thereafter (1.07-1.02-fold).  The weekly average 
number of tweets in the “symptom” class increased after 
the invasion, but because of the increase in the total number 
of tweets, the percentage decreased in all phases after the 
invasion: acute phase (0.553), subacute phase (0.743), and 
chronic phase (0.767) compared to the pre-invasion (1.000).

Ratio of tweets to retweets, quotes, and replies (tweets/RT 
ratio)

In Twitter use, retweeting (hereinafter RT) is used to 
spread information news.  In this study, we did not identify 
whether the tweeter was an official account of a news orga-
nization or an individual.  Instead, we compared the ratio of 
the number of tweets to the quotes, replies, and RTs (RT/
tweets ratio) in acute, subacute, and chronic phases com-
pared to the pre-invasion phase.  Because we assumed that 
a low RT/tweets ratio suggests more personal communica-
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tion, and a high RT/tweets ratio suggests that the tweets 
from news organizations were more retweeted for diffusion 
purposes.

The tweets/RT ratios related to medical demand were 
high: 44.491-fold higher in the acute phase of “antidiabetic 
agent,” 37.333-fold higher in the acute phase of “drawing 
blood,” and 17.250 to 5.369-fold higher in each “childbirth” 
phase.  RTs related to the living environment and weather 
were also high, such as “hypothermia,” (57.102-fold in the 
subacute phase) and “chilblains” (46.382-fold in the sub-
acute phase).

RTs in the “medical resource/medical situation” class 
were high for “hospital” (16.747-4.449-fold in the acute 
phase), “child” (8.332-3.017-fold), and “newborn baby” 
(8.793-5.612-fold).  However, the “mental health” class 
indicated “suicidal ideation,” a 19.5-fold increase in the 
chronic phase, but no other ratios were particularly note-
worthy suggesting that most mental health class tweets 
other than the “suicidal ideation” KeyGrp were tweeted 
more personally rather than by news organizations (data not 
presented).

KeyGrps in each class other than “mental health”
Fig. 3 depicts the longitudinal trend of the weekly 

average tweet percentage of each KeyGrps compared to the 

pre-invasion phase (fold-increase).  The percentage of 
tweets containing the keyword “antidiabetic agent” in the 
“medical service” class during the acute phase was 43.178-
fold (subacute: 3.840-fold, chronic: 2.844-fold).  The acute 
phase “drawing blood” was 11.921-fold (subacute: 9.047-
fold, chronic: 1.566-fold).  The acute stage “hospital” in the 
“medical resource/medical situation” class was 4.848-fold.  
The acute stage “newborn baby” was 3.075-fold higher.  
The rate for the subacute stage “child” was 2.731-fold.

In the subacute phase, “childbirth” in the “treatment” 
class was 8.081-fold higher (6.524-fold higher in the acute 
stage and 2.628-fold higher in the chronic stage).  However, 
“injection” in the “medical service” class was 0.239-fold in 
the chronic phase, and “cough” in the “symptoms” class 
was 0.380-fold in the chronic phase.  Some of these values 
significantly decreased.

In the “special situation” class, “rape” in the sub-acute 
phase was 5.179-fold (chronic phase: 3.649-fold).  Subacute 
“burial” was 3.362-fold, and “death” was 3.462-fold higher 
in the acute phase (3.006-fold higher in the subacute phase 
and 2.533-fold higher in the chronic phase).  The acute 
phase “disaster” was also high at 3.941-fold.

The variation in the percentage of tweets containing 
the keyword in the average weekly number of tweets in 
each phase was examined.  The number of KeyGrps with a 

Table1.  Number of tweets by class and percentage of total tweets.

Pre-invasion 
(17 weeks)

Acute phase
(4 weeks)

Subacute phase
(12 weeks)

Chronic phase
(8 weeks)

Total

Total tweets 18,648,598 21,379,078 37,328,650 21,170,114
Number of tweets including 
the keyword 446,090 785,531 1,284,957 680,865

Percentage of tweets including 
the keyword 2.4% 3.7% 3.4% 3.2%

Weekly average of tweets 1,096,976 5,344,770 3,110,721 2,646,264
Weekly average of 
tweets including any keyword 26,241 196,383 107,080 85,108

Weekly average of 
tweets including the

 KeyGrps

Medical Service 3,688 24,907 12,575 10,331
Symptoms 722 1,943 1,519 1,336
Treatment 2,178 6,411 6,670 5,375
Medical Resource/Medical Situation 4,977 34,467 21,322 16,400
Special Situation 7,533 75,308 39,681 29,213
Mental Health 7,143 53,347 25,312 22,453

Weekly average 
percentage (fold-increase) 
of tweets including the 

KeyGrps 

Medical Service 0.336%
(1.000)

0.466%
(1.386)

0.404%
(1.202)

0.39%
(1.161)

Symptoms 0.066%
(1.000)

0.036%
(0.553)

0.049%
(0.743)

0.05%
(0.767)

Treatment 0.199%
(1.000)

0.120%
(0.604)

0.214%
(1.080)

0.203%
(1.023)

Medical 
Resource/Medical Situation

0.454%
(1.000)

0.645%
(1.421)

0.685%
(1.511)

0.62%
(1.366)

Special Situation 0.687%
(1.000)

1.409%
(2.052)

1.276%
(1.858)

1.104%
(1.608)

Mental Health 0.651%
(1.000)

0.998%
(1.533)

0.814%
(1.250)

0.848%
(1.303)
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Fig. 2.  Change in the number of tweets.
The bar graph shows the total number of tweets.  The line graph is the ratio of each class to the total number of tweets 
based on the pre-2022 Russian invasion.  The number of tweets increased rapidly immediately after the invasion and de-
creased over time.  The number of tweets increased when there was some kind of media coverage.  However, the num-
ber of tweets for the symptom class did not increase significantly.

Fig. 3.  Fold-change of tweets including the KeyGrps other than “mental health” class by phase.
The ratio of KeyGrp to total tweets, excluding mental health, is shown based on the pre-2022 Russian invasion.  The ra-
tios differed by acute, subacute, and chronic phases, with demand for anti-diabetic agents and blood draws (transfusions) 
being higher in the acute phase, and rape tended to be higher as time went on.  There were also many tweets related to 
vulnerable groups during disasters, such as children and old people.



Twitter for Prediction of Physical and Mental Health Needs 183

variation greater than 1 was seven, with 21 KeyGrps 
between 0.3 and 1, and 21 KeyGrps being less than 0.3.  
The KeyGrps were divided into those with a large phase 
variation and those with no phase variation.  The number of 
KeyGrps with the highest variation in the pre-2022 
Russian-invasion phase was 16, 9 in the acute phase, 12 in 
the subacute phase, and 12 in the chronic phase, indicating 
that the ratio did not necessarily increase in the acute phase.

Those with large phase variations included “antidia-
betic agent,” “drawing blood,” “childbirth,” “chilblains,” 
“rape,” and “theft.” No significant differences were detected 
for “stomachache” and “stop bleeding.” This does not imply 
that no demand existed for these keywords, but these key-
words were, possibly, inappropriate in the actual situation.

KeyGrps in the “mental health” class
Fig. 4 presents the trends of 26 KeyGrps in the “mental 

health” class fold-increase in each phase compared to the 
pre-invasion ratio.  The KeyGrps that revealed particularly 
high ratios were 4.64-fold higher in the acute phase for 
“hopeless,” 2.83-fold higher in the acute phase for “anxiety/
fear,” and 2.58-fold higher in the chronic phase for “avoid-
ance of external reminders.”  The highest ratio of “hope-
less” was observed in the acute period immediately after 
the invasion, but it remained high in both the subacute and 
chronic periods, at 2.35 and 2.16-fold, respectively.

The 26 KeyGrps for mental health also differed during 
the period when the ratio of outgoing messages was high.  

When the ratio of the pre-2022 Russian invasion was 1, the 
three KeyGrps with the highest ratio in the acute phase 
were “hopeless,” “feelings of worthlessness,” and “anxiety/
fear”.  Similarly, the four KeyGrp items with the highest 
ratio in the subacute phase were “irritability,” “concentra-
tion difficulty,” “distressing dreams/nightmares,” and “resil-
ience.” The eleven KeyGrp items with the highest ratio in 
the chronic phase were “psychomotor agitation,” “loss of 
interest/pleasure,” “insomnia/hypersomnia,” “tiredness/
fatigue,” “changes in appetite,” “motor retardation” (p = 
0.001), “flashback,” “avoidance of memories/thoughts/feel-
ings,” “avoidance of external reminders,” “dissociative 
amnesia” and “numbed feeling.” The highest rates were 
observed during peacetime for the following six items, 
namely, the KeyGrps “depressed mood,” “hyperarousal,” 
“autonomic nervous symptoms,” “exacerbated negative 
beliefs,” “blaming self or others,” “detachment or estrange-
ment from others,” and decreased in all phases of the post-
onset.  No significant differences were found in “intrusive 
memories” and “suicidal ideation” in each phase.

The average weekly number of tweets for each phase 
in each of the five mental state categories and the ratio with 
pre-2022 Russian invasion as 1 were tabulated (Fig. 5).

The ratios of “psychological distress,” and “anxiety” 
categories indicated a similar trend, with scores increasing 
during the acute phase and remaining the same during the 
subacute and chronic phases.  The ratio of the category 
“depression” temporarily decreased to 0.55-fold in the acute 

Fig. 4.  Fold-change of tweets including “Mental Health” key groups (per phase, based on the pre-2022 Russian invasion).
Trends of KeyGrps in the “mental health” class fold-increase in each phase compared to the pre-invasion ratio.  The 
KeyGrps that revealed particularly high ratios were 4.64-fold higher in the acute phase for “hopeless,” 2.83-fold higher 
in the acute phase for “anxiety/fear,” and 2.58-fold higher in the chronic phase for “avoidance of external reminders.”  
The highest ratio of “hopeless” was observed in the acute period immediately after the invasion, but it remained high in 
both the subacute and chronic periods, at 2.35 and 2.16-fold, respectively.  No significant differences were found in “in-
trusive memories” and “suicidal ideation” in each phase.
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phase and 0.85-fold in the subacute phase after the inva-
sion, but increased to 1.23-fold in the chronic phase over 
time to a higher ratio than in the pre-2022 Russian invasion 
phase.

The ratio of “PTSR” was 1.41-fold higher in the acute 
phase, 1.20-fold higher in the subacute phase, and 1.26-fold 
higher in the chronic phase, revealing no significant varia-
tion among the phases, but the ratio was higher than during 
the pre-2022 Russian invasion in all phases.  The ratio of 
“resilience,” the only positive indicator among the KeyGrps 
selected, increased 1.84-fold in the acute period and 2.40-
fold in the subacute period, but decreased significantly to 
1.18-fold in the chronic phase after the 13th week.

Discussion
Overall: Can Twitter analysis be a research tool when  
on-site surveys are difficult

Our current study is the first to utilize Twitter to exam-
ine real-time medical demands and mental health status 
during wartime.  Twitter content increased suddenly after 
the Russian invasion of Ukraine and decreased over time.  
It may also increase suddenly with some episodes; for 
example, there was a temporary increase in tweets in the 
sixth week after the invasion (subacute phase) due to 
reports of a genocide.  It can be inferred that this occurred 
in response to a major military progress or victim reports.  

These results indicate that tweets can promptly increase or 
decrease in response to a situation.

These findings suggest that Twitter analysis can be a 
solution to the ethical problems of conducting research dur-
ing wartime, a unique and extreme situation, and for con-
ducting research while ensuring the safety of the researcher.  
Considering that Twitter analysis has also been used in the 
case of natural hazard-induced disasters in previous studies, 
it may be useful for understanding situations when field 
surveys are difficult.

However, several issues must be addressed.  This study 
responds to keywords but does not make decisions on 
whether they are positive or negative.  Therefore, determin-
ing a hospital’s availability is difficult, and although infer-
ring demand is possible, determining whether there is an 
excess or deficiency is challenging.  We suggest that 
improving the accuracy of demand estimation is possible by 
conducting natural language processing (Devlin et al. 2018; 
Mehta and Pandya 2020; Jabalameli et al. 2022) in the 
native language of the country directly affected to under-
stand the country’s unique wording and other factors.

Results for each class (medical situation and medical  
treatment demand estimation)

The ratio of each group to the total number of tweets 
differs for each class.  Compared to peacetime, the “medical 

Fig. 5.  Number of tweets and fold-change of total tweets in mental status categories by phase.
The average weekly number of tweets for each phase in each of the five mental state categories and the ratio with pre-
2022 Russian invasion as 1 were tabulated.  The ratios of “psychological distress,” and “anxiety” categories indicated a 
similar trend, with scores increasing during the acute phase and remaining the same during the subacute and chronic 
phases.  The ratio of the category “depression” temporarily decreased to in the acute phase and in the subacute phase af-
ter the invasion but increased to in the chronic phase over time to a higher ratio than in the pre-2022 Russian invasion 
phase.  The ratio of “PTSR” was higher all phase, revealing no significant variation among the phases, but the ratio was 
higher than during the pre-2022 Russian invasion in all phases.
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resource/medical situation,” “medical service,” and “special 
situation” classes indicated a higher trend in each post-
onset phase.  This can be inferred from the fact that people 
seek information not only about crime and war victims but 
also on the damage to medical resources, such as doctors 
and hospitals, as well as information regarding medical 
resources to which they can respond.  Moreover, the ratio 
of KeyGrps “antidiabetic agents” (43-fold) and “medicines” 
(3-fold) in the acute phase increased, suggesting that medi-
cal demand (treatment information) of patients with chronic 
diseases can also be inferred.

Ratio of tweets to retweets, quotes, and replies 
When RT is intended to spread information, it is rea-

sonable to assume that tweets spreading information about 
medical demand, such as support for chronic diseases, 
blood transfusions, and recruitment, will be retweeted 
(spread) more frequently than in the pre-2022 Russian inva-
sion phase.  It is also reasonable to assume that RTs of 
information on frostbite, hypothermia, medical facilities, 
childbirth, newborns, etc., indicate medical demand and 
increased awareness.  Although identifying the sender’s 
profile was impossible, tweets from the news organization 
might have been more retweeted.

Mental health, however, exhibited a weak ratio of RTs, 
suggesting that it is more likely to be sent among individu-
als and people they know, suggesting that inferring medical 
resources, demand, and mental status from the overall num-
ber of tweets (the sum of tweets, replies, citations, and 
retweets) is reasonable and provides a certain degree of 
accuracy.

Possibility of medical resource and demand estimation
The magnitude of the variation and the highest value 

of each phase of KeyGrps were responsive to medical 
demand and living conditions, indicating the possibility that 
demand can be inferred from these factors.  Some of the 
demand increased rapidly in response to the invasion, some 
increased because of the expansion or prolongation of the 
war, and some increased in response to natural phenomena.  
By comparing the variation, increase or decrease, and per-
centage of tweets in each of these phases, the accuracy of 
estimating medical resources and demand could also be 
improved.

In Ukraine, diabetics are being rescued during wartime 
(UDF 2022; Tsagkaris et al. 2022).  Per the International 
Diabetes Federation Atlas, in 2021 there will be approxi-
mately 2,325,000 people with type 2 diabetes in Ukraine, 
corresponding to a prevalence of 7.1% (Alessi and Yankiv 
2022); for type 1 diabetes, approximately 6,700 children 
and adolescents have been diagnosed in the past year.  
These realities, together with the sudden increase immedi-
ately after the invasion of diabetes medications (43-fold), 
the increasing trend of medications in general (2.83-fold), 
and the fact that the high rate continues until the chronic 
phase of the disease, suggest that this represents the actual 

healthcare demands of patients with chronic diseases.  From 
these, “anti-arrhythmic drugs,” “angina pectoris drugs,” 
“bronchial asthma drugs,” “steroid drugs,” and “anticonvul-
sants,” which are needed in times of disaster, may be in 
short supply as well.

However, the demand for medicine is difficult to proj-
ect to specific quantitative estimates, and only an inference 
can be made about the possibility of a shortage trend or 
challenges in obtaining this medicine.  Further, many of the 
tweets for “blood drawing” stands for “blood donation” in 
blood transfusions, which may suggest the increased 
demand for blood transfusions (CEPA 2022; WHO 2022; 
Naumann et al. 2022).  This also suggests that it represents 
the actual situation of medical demand.

The fold-increase of KeyGrps of “newborns (3.075-
fold)” and “childbirth (8.081-fold)” suggests that the 
respondents are worried about perinatal care and are being 
pressed to cope with such issues (Behboudi-Gandevani et 
al. 2022).  The KeyGrp of “old people” increased by a fac-
tor of 1.27-fold (subacute phase), but these keywords were 
also often tweeted in the pre-2022 Russian invasion, there-
fore it is difficult to reflect it in the ratio.  When considered 
in conjunction with the absolute number of the KeyGrps of 
“old people (3.61-fold: subacute phase)” and “child (2.73-
fold: subacute phase),” the increase in tweets targeting 
socially vulnerable groups during the disaster also revealed 
a noticeable trend.  This is another important indicator for 
estimating medical resources/medical situations and medi-
cal demands.

Mental health
Overall, we found that the number of tweets on “men-

tal health” increased in all acute, subacute, and chronic 
phases compared to pre-invasion.  Additionally, 24 of the 
26 KeyGrps for the “mental health” class changed in a sta-
tistically significant manner between each phase.  Thus, it 
was suggested that fluctuations in mental status occurred 
during each phase.  These fluctuations were not uniform, 
and there were differences in the phase when the tweet ratio 
increased, depending on the KeyGrp.  Some KeyGrps had 
fewer tweets during the war than before.  There were three 
KeyGrps with the most tweets in the acute phase, and four 
KeyGrps with the most tweets in the subacute phase.  The 
number of KeyGrps with the most tweets in the chronic 
phase was 11.  Given this result, it can be assumed that the 
mental status likely to be expressed differs depending on 
the phase from the outbreak of the war.

For each category of mental status, the values for 
“psychological distress” and “anxiety” jumped to about 2.5 
folds higher than that of the pre-2022 Russian invasion in 
the acute phase and then decreased to about 1.5 folds than 
the pre-2022 Russian invasion in the subacute and chronic 
phases, while the value for “depression” decreased to half 
the pre-2022 Russian invasion in the acute phase and subse-
quently, gradually increased over time in the subacute and 
chronic phases.  From these transitions, it is possible that 
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psychological distress and anxiety tend to manifest immedi-
ately after the outbreak of war, whereas depression emerges 
gradually after a few months.  The category “PTSR” did not 
demonstrate considerable variation between phases, but this 
category contains several KeyGrps that overlap with the 
“psychological distress,” “anxiety” and “depression” cate-
gories.  However, a closer examination of the mental state 
KeyGrps representing the more PTSR-specific symptoms 
such as intrusion, avoidance, numbing, and dissociation 
indicated that “disturbing dreams/nightmares” has a high 
ratio in the subacute phase, while “flashback,” “avoidance 
of memories/thoughts/feelings,” “avoidance of external 
reminders,” “dissociative amnesia” and “numbed feeling” 
have the highest ratios in the chronic phase.  These results 
suggest that PTSR-specific symptoms may be exhibited 
several months after the outbreak of war and as the war is 
prolonged.  Thus, extremely high mental health needs are 
expected in this region, but the situation of the local mental 
health care system and mental health needs are rarely com-
municated outside Ukraine by the media, and there is insuf-
ficient information available.  Therefore, we are conducting 
a survey of the actual situation of mental health needs in 
Ukraine under the Russian invasion, including how the psy-
chiatric system in the country has been affected and what 
functions it maintains through local medical researchers, in 
parallel with this study (in submission).

At present, more than 14 million people have crossed 
the border from inside Ukraine after the Russian military 
invasion (UNHCR 2022).  Many of them have been living 
as refugees outside Ukraine, therefore, it is estimated that 
many of the tweets collected in this study were sent by 
them.  However, several previous studies have suggested 
that the severity of mental health status is comparable 
between IDPs and refugees outside the country, and also 
suggest that the prevalence of PTSD, depression, and anxi-
ety disorders remain high among refugees more than five 
years after displacement (Bogic et al. 2015).  It is, therefore, 
considered that they can be positioned as a group with simi-
lar psychological burdens, albeit with differences in safety 
and living conditions.

The use of tweet analysis is considered highly useful 
in ascertaining mental status and estimating the transition 
of mental status over time and the risk of developing mental 
disorders.  In the future, it is expected that this technology 
will be applied to disasters other than war, and the esti-
mated values from tweet analysis will be matched with 
actual measured values, such as the number of people 
newly suffering from mental disease and the number of sui-
cides, to improve the validity of predictions, and that a 
close evaluation of keywords that can more appropriately 
identify mental status will be promoted.

Conclusion
Twitter was used even during wartime and the usage 

displayed a tendency to increase.  The results revealed that 
the use of Twitter was consistent with the actual situation of 

medical resources and needs using diabetes and blood 
transfusions as examples.  The data from the present study 
indicate that: 1) there may be an urgent need to help people 
who need to take their daily medication, such as diabetes 
patients, 2) we may be able to provide support to those who 
send help signs on social media, for example, through 
Twitter.  In terms of mental status, it was suggested that the 
ratio of psychological distress and anxiety increased during 
the acute phase, and the ratio of depression and PTSR 
increased over time, making it possible to realize a certain 
degree of variation in mental status.

However, the study was limited in its ability to esti-
mate specific numbers because no natural language process-
ing or syntactic analysis was conducted.  Along with natural 
language processing, we plan to improve our study results 
by verifying them against actual numbers, such as actual 
shortages of medicines, assessment data on patients with 
chronic diseases such as diabetes, the number of people 
newly suffering from mental disease, and the number of 
suicides, etc.
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